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The Modern Single-Phase Railway 
Motor. 


SOME OF ITS CHARACTERISTICS. 


By ANDREW STEWART, A.M.LE.E. 
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AlLWay electrification has been 
discussed from so many stand- 
points that it is difficult, if not 
altogether impossible, to say 

much that is new on the subject. This 
is not the case, however, with the single- 
phase motor, as, while there have been 
several valuable contributions to the 
theory of the motor there has been a 
dearth of information regarding its 
general construction and performance. 
The average engineer is keenly interested 
in the latter, while the former interests 
a very limited circle, and is generally so 
abstruse that the busy professional man 
has neither the time nor the inclination 
to follow the mathematical efforts of 
those who mould and direct the pro- 
gressive tendencies of the industry. 
When railway electrification first 
came within the purview of the engi- 
neer, experience was limited to electric 
tramway work, and knowledge was 
bounded by the trolley wheel and wire 
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on one hand, and 500 volts and the 
rotary converter on the other. 

The electrification of the Baltimore 
tunnel impressed engineers for the first 
time with the serious limitations of 
direct current, for here we had an over- 
head structure for conveying current to 
the locomotives which resembled the 
work of a bridge builder, just as the 
overhead construction in earlier electric 
tramways looked like the work of a 
telephone linesman. 

This early railway electrification at 
once convinced the railway engineer 
that the conveyance of anything from 
1,000 to 2,000 h.p. to a moving train 
must be effected by higher pressures, if 
anything like reasonable economy in 
construction was to be achieved, and if 
a structure, not unlike an overhead rail- 
way, extending along the entire length 
of the line, were to be avoided. Poly- 
phase systems had been brought to a 
high pitch of perfection, and for a time 

B 











214 THE ENGINEERING REVIEW. 


it looked as if this system would super- 
sede the direct current system for heavy 
work, for notwithstanding the fact that 
two overhead wires were necessary, 
these could, by reason of the high pres- 
sures possible, be but little more than 
the section of an ordinary tramway 
trolley wire, while the regenerative pro- 
perties of the induction motor promised 
economies hitherto merely suspected. 
These expectations were fully sub- 
stantiated by the results achieved on 
several mountain railways in Italy and 
Switzerland, as well as on a _ small 
section of the Italian State Railways. 

Somehow the polyphase system did 
not catch on in the United States of 
America, where engineers, despite their 
boasted adaptability and enterprise, can 
be as conservative as Englishmen, and 
there are practically no examples of this 
system in the United States. There is, 
or was, one such system in Canada, the 
equipment having been carried out by 
Messrs. Bruce Peebles, Ltd., of Edin- 
burgh, but this line subsequently came 
under the control of American capita- 
lists, and a direct current equipment 
was substituted, though there is no 
evidence that the polyphase system was 
other than satisfactory. 

European engineers were, however, 
working towards the perfection of a 
still more simple system, viz., one em- 
ploying single-phase motors. Such 
motors had long held a reputation for 
muleish characteristics; for instance, if 
loaded beyond their rated load they 
would sometimes stop dead; others 
refused to start with more than a frac- 
tion of their full load, so that altogether 
the outlook was not of a very hopeful 
nature. Moreover, the polyphase alter- 
nating-current motor was the direct 
result of the unsatisfactory performance 
of the single-phase alternating-current 
motor ; indeed, it is safe to assert that, 
but for the idiosyncrasies of the earlier 
single-phase motors, we should never 
have heard of polyphase motors at all. 

The ultimate end of this work on 
single-phase railway motors was the 
single-phase series motor, which is a 
reversion to a type of machine tried and 


abandoned some twenty years before. 
Indeed, never was the atavistic freaks 
of biology more nearly paralleled in 
industrial history than when the single- 
phase series motor, almost the first type 
of electric motor, was resurrected and 
made to drive the railway trains of 
to day. 

It was early recognised that the simple 
series direct-current motor, if fitted with 
laminated instead of a solid field magnet, 
and with a moderate amount of field 
winding, would be fairly satisfactory as 
a single-phase alternating-current motor. 
The difficulty was that such motors were 
not satisfactory at the high frequencies 
then employed—viz., 80 to 100 cycles 
per second. As these were standard 
periodicities,and moreover, any reduc- 
tion apparently raised the cost of gener- 
ating and transforming apparatus very 
considerably, while lighting and not 
power was the chief business of electric 
supply authorities, there was really no 
reason for reducing the periodicity of 
the supply system to a figure that would 
make the series alternating-current 
motor practicable. It was not. until 
within the last twelve years that the 
demand for electric power made it 
worth catering for the power user, and 
then the elementary series alternating- 
current motor had been superseded by 
rotary field or induction type motors, 
the result of the labours of Ferraris and 
Tesla. 

It must be obvious that to seriously 
threaten the supremacy of the steam 
locomotive, electric traction must first 
of all make no large demand upon the 
financial resources of our great railway 
companies. Capital expenditure is un- 
likely to be undertaken unless there is 
ample evidence to show that this addi- 
tional capital will at least be as 
remunerative as that already sunk in 
the undertaking. The direct current 
system installed on British lines, with 
its heavy outlay on transmission and 
distributing apparatus, especially sub- 
stations with not only their capital, but 
labour charges, does not encourage 
engineers to instal it on main lines. 
For suburban work, where the collateral 
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advantages, such as rapid acceleration 
and moge frequent service, enable the 
line to increase its earnings by attracting 
traffic which would otherwise use other 
means of conveyance, this extra capital 
is not so serious as, in addition to a 
reduction in the locomotive expenses, 
there is an increase in the traffic receipts. 
With main line traffic no increase under 
the latter heading can be looked for, as 
there is no reason to suppose that any 
electrification scheme would increase 
the number of people who travel between 
London and Birmingham, or Newcastle 
and Edinburgh. 

The financial reasons for the adoption 
of a simpler system than the direct- 
current method of propulsion are 
obvious, and these are no less important 
than the engineering considerations 
already indicated. 

Another consideration is that, owing 
to the electrification of several important 
suburban lines, such as those in the 
vicinity of London, Newcastle and 
Liverpool, any system adopted on main 
lines should, if possible, be one that 
permits of main line trains being run 
over these electrified lines which, if they 
are not great in extent, yet handle a not 
inconsiderable volume of traffic, and a 
change of locomotive power might at 
least be inconvenient. 

Both pclyphase and_ single-phase 
motors permit of such modifications in 
design as will enable them to work with 
fair efficiency on direct-current circuits. 
The single-phase motor is, however, 
more adaptable in this respect, as to 
adapt a polyphase motor to the dual 
service involves the sacrifice of some 
points when operating on alternating- 
current circuits. Moreover, the single- 
phase motor operates from one line wire 
in any case, while an additional trolley 
or other collecting device, and separate 
car or locomotive wiring is necessary 
where the polyphase motor is adapted 
to two “distinct ” supplies. 

The relative merits of the three-phase, 
single-phase, and direct-current systems 
have been investigated by the experts 
employed by several railway companies. 
From a report submitted to the directors 
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of a small railway from Murnau to 
Ober-Ammergau—a line in the Bavarian 
Highlands—it would appear that single- 
phase has almost overwhelming advan- 
tages, and the figures bear out the 
argument used earlier as to the advan- 
tages of the system. 


TABLE I. COMPARISON OF SYSTEMS OF 
ELectric TRACTION 





Three- Single- Direct 
Phase. Phase. Current. 
- Per cent. Per cent. Per cent. 
Efficiency . 66 71 62 
Capital cost 1°16 ae) 1°25 





According to this report the single- 
phase system is not only more efficient, 
but less costly. It must not be forgotten, 
however, that the report refers to a line 
fourteen miles in length, with stations 
approximately two miles apart, operating 
not more than sixteen trains per day at 
a maximum speed of twenty-four miles 
per hour. Moreover, the line is operated 
by water power, so that while useful as 
a guide under similar conditions, it is 
not necessarily an accurate indication 
of the relative merits under other con- 
ditions. 

For instance, the single-phase equip- 
ment of a train weighs a little more and 
is more expensive than is a three-phase 
or direct-current equipment ; but, on the 
other hand, the sub-station losses are 
less than with a direct current equip- 
ment, so also is the capital cost of the 
sub-stations. The three-phase and the 
single-phase systems are almost directly 
comparable so far as distribution losses 
are concerned ; both are necessarily low, 
as the sub-stations do not contain 
moving machinery; they are therefore 
cheap to construct and maintain. 

The overhead line work of a single- 
phase system is cheaper than for a three- 
phase system, not on account of any sav- 
ing in copper, as in this respect the three- 
phase system is the most economical for 
a given line pressure, but because only 
one overhead line wire need be erected 
instead of two, thus cheapening the 
cost, especially the fittings and labour. 
B2 

















THE ENGINEERING REVIEW. 








T 





The single - phase railway 
motors of the present day may 
be divided into three groups: 
series motors, compensated series 
motors, and repulsion motors. 
The plain series motor was the 
subject of investigation by Mr. 
B. G. Lamme, of Pittsburg, and 
Mr. Finzi, of Milan; later Messrs. 
G. Winter and F. Ejichberg 
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worked on a modification, viz., a 
the compensated repulsion motor. 

The plain series motor is shown 
diagrammatically (Fig.1), where A is the 
armature and B the field coil. It will be 
obvious that the connections are identical 
with the series direct-current motor, the 
only difference being, as already indi- 
cated, that the field system is laminated. 

The disadvantage of such a motor is 
that it is liable to spark at the commu- 
tator, as the self-induction of the arma- 
ture coil when under commutation is 
considerable. The obvious methods of 
overcoming the difficulty are by increas- 
ing the number of commutator segments 
and having only one turn of armature 
wire per segment. 

To still further improve the commuta- 
tion of the series motor compensating 
coils have been fitted, the effect of which 
is to reduce the self-induction of the 
coils under commutation and so reduce 
the sparking at the commutator. 

It may be explained for the benefit of 
mechanical engineers that the pheno- 
mena of self-induction is to some extent 
analogous to inertia in mechanics, as it 
represents the tendency of the current 
in an electric circuit to oppose any 
change in its direction. For instance, 


(To be continued.) 





FIG 2. 


assume that the commutator A, Fig. 2, 
consists of a number of segments, and 
that each is connected to two turns of 
wire in the armature coils C. As each 
segment of the commutator passes under 
the fixed brushes B, which make con- 
nection to the field D and line wires 
T: T?, the current in the coil connected 
to the segment passing under the brush 
is reversed. As no less than 100, 4 
and frequently a greater number of 
segments pass under the brush every 
second, it will be seen that the problem 
of commutation is an important one, 
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especially as each coil when under com- |. 
mutation, i.¢., passing under the brush, t 
resists the change in the direction of the 4 


electric current. 
It is just as if each coil connected to | . 
the commutator segments were a small 
flywheel running at a certain speed, and 
were stopped and speeded up in the 
reverse direction when passing under 
the brush ; that is, in about the réo part 
of a second. It will be obvious that 
the retardation and acceleration of these 
numerous small wheels would have to : 
be done with great rapidity. ; 
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Testing a Centrifugal Fan. 


By C. L. BROWNE. 


—_— 


N spite of its rapid growth in public 
favour, the principles involved in the 
operation of a centrifugal fan do not 
appear to have received the attention 

they deserve from the general engineering 
public, who are thus left more or less in the 
hands of the makers, and the present keen 
American competition in the British fan 
market does not tend to influence manufac- 
turers of centrifugal fansin favour of under- 
estimating the capacity of their machines. 

Modified designs are from time to time 
being put upon the market, and in spite of 
published tests, the somewhat extravagant 
claims made are not always borne out in 
practice. 

The chief difference, shall it be said, of 
opinion seems to arise over the efficiencies 
that may be reasonably claimed for a cen- 
trifugal fan, and the difficulty is very greatly 
augmented by the varied conditions under 
which the fan is put to work. 

A fan that has given excellent results 
when run on the test plate has, owing to 
some slight difference in supposedly similar 
working conditions, made a very poor show- 
ing when put on permanent duty. 

The writer proposes to briefly indicate a 
method of arriving at the volumetric, mano- 
metric, and-mechanical efficiencies of cen- 
trifugal fans by which the relative value of 
any fan may be judged. 

It will be impossible to avoid a_ brief 
reference to the elementary mathematics of 
the subject, but the formule used will be 
divested of any extreme complications such, 
as would be necessitated by absolute 
accuracy, which would be out of place 
when dealing with the performance of 
centrifugal fans, as will be later made 
evident. Before going further into the sub- 
ject it may be as well to briefly recall several 
facts in connection with the flow of liquids. 


If a liquid be contained in a vessel (Fig. 1) 
with its free horizontal surface maintained at a 
height H in feet above any assumed datum 
level, and if the liquid at A under a pressure 
P lbs. per sq. ft., and a height 4, above the 
given level, has a velocity v in feet per second, 
and a density D lbs. per cub. ft. Then— 
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Thus the ft. lbs. of potential energy H per lb. 
appear at A in three different forms, namely : 
remaining _ potential energy ih, pressure 
> ° ° y2 

energy 5 and kinetic energy —. Hence the 
27 
“5 


liquid under pressure P, at a velocity v, and at 


, P ‘ 
a height h, has a pressure head p’? velocity 
5 } 


v2 
head — , and an actual head h. 
29 


If, however, the liquid were to issue freely 
into the atmosphere under the head H, this 
total head would be available for producing 


flow, then— 
y2 
H =~—,orv = ,/a9H (2) 
2g 


As at the ordinary pressures found in 
fan practice the work required for the com- 
pression of the air and the work given out 
by its re-expansion are negligible, especially 
if the mean volume of the air handled be 
taken, formula (1) may be applied to air, 
thus assuming its behaviour to be similiar 
to that ofa liquid inthis respect. Although 
the density of the air decreases in geo- 
metric ratio as the distance from the earth 
increases, for the purposes of calculation 
the practical equivalent of such a column 
may be determined by assuming the air to 
be of uniform density throughout, and the 
column of such a height as to produce 
the same effective pressure per unit of 
area. 

Although in the American fan trade it is 
usual to measure air pressures in ounces 
per sq. in., the British practice is to express 
these pressures in inches of water, as 
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indicated by the balanced height of a 
column of that liqnid in a water gauge. 

The relation existing between pressure 
difference in inches of water and the equiva- 
lent head of air in feet is readily found as 
follows: 

Let H = head of dry air in ft., and h = the 
equivalent head of water in ins., thenif C = the 
weight of one cub. ft. of water, and D the 
weight of one cub. ft. of air at the same tem- 
perature and pressure, then— 

H = h x ¢ 
Dx 12 
and if V is the velocity of efflux in ft. per 
minute corresponding to a head of air equiva- 
lent to a column of water 1 in. in height, A 
in this case being unity,— 


(3) 


since v = ./2¢H 
V= 60 V 2g" athe (4) 


which at 62° F. 4.000 very approximately. 
Thus a velocity of 4,000 ft. per minute is said 
to be that corresponding to a water gauge 
reading of 1 in. at a temperature of 62° F. 


It has already been shown that the velocity 
of efflux varies as the square root of the head 
producing it, and it will be evident that any 
decrease in the density of the air due to an 
increase of its temperature must, for the 
same pressure, increase the resulting velocity. 

Hence as the height of the column of air 
required to produce a given water gauge 
varies directly as its absolute temperature, 
the corresponding velocity of the air will 
vary directly as the square root of its 
absolute temperature. 

The above is an important consideration 
when fans are used for induced draft 
purpses, in which case the gas tempera- 
tures are seldom lower than 300° F., and 
in general are considerably higher. The 
relation of velocity to water gauge is also 
affected by the barometric and hygrometric 
condition of the air, but any variations due 
to these causes may generally be neglected 
in practical calculations made for the design 
of centrifugal fans. 

With higher water gauges, however, such 
as obtain in cupola work, allowance should 
be made for the reduction in velocity due to 
the greater density of the air which accom- 
panies the greater pressures employed. 

The accompanying table has_ been 
calculated to give the velocities in feet 
per minute due to different pressures in 
inches of water, advancing by quarters of 
an inch from one inch to twenty at tempera- 
tures varying from 50° F. to 1,000 F. 

Velocities have been given both at 50° F. 
and at 62° F., the former being assumed as 
the mean atmospheric temperature by 








American fan makers, while with English 
manufacturers 62° F. is usually taken to 
represent normal thermometric conditions. 

From 300° F. to 500° F. the velocities are 
given at temperatures advancing by incre- 
ments of 50° F., as these are the tempera- 
tures commonly met with in induced draft 
practice. 

These tables are very approximately 
correct, and will be found of use in making 
calculations from the tables of tests to be 
given later, in which the majority of the 
values are given in velocity ratios and not 
in pressures. 

It may be added that an allowance has 
been made in these tables for the reduction 
in velocity due to the increased density of 
the air accompanying its mechanical 
compression. 

In order to compute the amount of work 
done by a centrifugal fan in any particular 
case, it is necessary to know the volume of 
the air delivered by it per unit of time, and 
the pressure difference per unit of area, at 
the fan’s inlet and outlet respectively, or, 
as the latter is usually expressed, the water 
gauge set up. 

It is usual in this country to express the 
volume discharged in cubic feet per minute 
and, as stated above, the pressure difference 
in inches of water. If the effective area of 
flow be known, the number of cubic feet 
delivered per minute will be the product 
of the former in square feet, and the 
velocity of the air in feet per minute. 

For measuring the work done by a fan, 
four methods will be referred to: (1) that 
of chemical analysis for the volume in 
cubic feet per minute; (2) the use of the 
anemometer ; (3) the use of the manometer, 
or water gauge for finding the pressure in 
inches of water; and (4) of the ‘ Pitot” 
tube for ascertaining the velocity in feet 
per minute. 

Chemical Analysis.—This method has 
been successfully employed in the case of 
centrifugal pumps, and consists in adding 
to the liquid or gas on its way into the 
pump or fan some suitable chemical at a 
known rate, and by analysis of the liquid or 
gas discharged, ascertaining the percentage 
of the added chemical present, and thus 
deducing the total volume dealt with. 

This method is quite frequently employed 
in testing fans that have been installed in 
connection with boilers for the purposes 
of induced draft. Referring to the matter 
but briefly, the method employed is to make 
a careful analysis of a sample of the flue 
gases taken near the fan inlet. The per- 
centages ot carbonic acid and of carbonic 
oxide present (if any of the latter) can by a 

















simple analytic process be easily ascertained, 
and thence the ratio of carbon burnt to the 
total quantity of gas handled by the fan. 

If the net weight of coal burnt in the 
furnaces in a given time be accurately 
measured, it would appear that an analysis 
of the coal used makes the number of cubic 
feet of gases handled per minute by the 
fan a matter for simple calculation. A good 
deal of circumspection, however, should be 
exercised both in the making of such tests 
and in deciding the amount of reliance to 
be placed upon them when made. 

The number of observations to be made 
leaves room for the sum of possible small 
errors to become a serious consideration, 
and the difficulty of obtaining a representa- 
tive sample of the flue gases is by no means 
negligible. 

As the specific gravity of carbonic acid 
gas is considerably greater than that of any 
other of the constituent flue gases, it may 
be reasonably assumed that where the 
flues are of any considerable length larger 
percentages of carbonic acid gas would be 
found at the lower parts of the flues, and 
at the outer radii of flue bends. 

This the writer has found to be the case, 
and at a certain large power station has 
been informed by the engineer in charge 
that a sampie of gases can be taken ata 
particular section of the flue to contain 
any required percentage of carbonic acid 
gas from 6 to 16 per cent. 

However, with judgment, care, and 
practical experience in the carrying out 
of such tests, fairly accurate results may 
be obtained. 

The Anemometey.—An instrument very 
largely used for the measurement of the 
rate of flow of air is the anemometer, and 
where the velocity is low and the flow 
uniform this is perhaps the best instrument 
that can be used for the purpose. 

But for testing centrifugal fans, the 
velocity of the current of air discharged 
from which is extremely irregular, the 
anemometer should be used with caution. 

The instrument is usually calibrated by 
rotating it at the end of a radius bar through 
still air at a uniform speed. There seems 
to be no doubt, however, but that the 
anemometer when so tested carries round 
with it on its circular path a certain amount 
of air, instead of allowing all the air it 
meets to pass through it. 

The Prussian Mining Commiss:on, whose 
work has become classical, tested in 1884 a 
number of anemometers by driving air 
through them from a gas holder, the 
volume of air passed being thus capable 
of very accurate measurement. 
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FIG, 2, 


When thus tested it was found that the 
anemometers exaggerated the actual velocity 
of the air by an amount varying from 7 to 
13 per cent. 

This error, however, would be greatly 
exceeded were the anemometer placed in 
the line of discharge from a centrifugal fan, 
the velocity of flow from which is very far 
from being uniform. 

Referring to Fig. 2, it will be seen that 
when the lip of a blade A is just opposite 
the throat cf the fan at C, air is being dis- 
charged through the whole of the peripheral 
space between the blade A and the following 
blade B. As the blade B, however, is 
approaching in turn the throat C of the fan 
the area available for discharge between 
these two blades is being gradually con- 
tracted until the blade B is opposite the 
fan. throat, when this discharge is entirely 
cut off. . 

The pulsations due to this cause in the 
column of air flowing out of the fan are 
frequently made evident by the loud organ 
note produced by many fans when run 
under certain conditions, the narrow fans 
used for destructor work often being serious 
offenders in this respect. It will be evident 
that the rounding of the throat, or the 
backward curvature of the blade as shown 
in the figure, will have the effect of lessening 
this nuisance. 

Even if the pulsations are too slow or too 
rapid to produce a musical note, there is no 
reason to suppose that they cease to 

exist. 

In other fans of the “ Ser ” and ‘* Mortier ”’ 
type where a large number of blades of 
small radial depth are employed, the air 
is picked as the blade is moving at a com- 
paratively high velocity, and a sudden 
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compression of the air takes place while 
the latter is passing through the blades. 
The compression and the subsequent re- 
expansion also tend to cause pulsations in 
the ais discharged. The effect of this 
irregularity of flow on the reading of the 
anemometer can be easily seen by placing 
the instrument alternately for equal periods 
of time in a strong current of air and in 
still air. It will be noticed that the 
anemometer continues to rotate for a con- 
siderable time after being placed in still air, 
but on being returned into the moving air 
the vanes quickly pick up the speed of 
rotation due to the velocity ot the air. It 
is thus obvious that the reading obtained 
will be much higher than if the anemometer 
had been placed for half this period of time 
in the moving air, and the volume of air 
air discharged will be correspondingly 
exaggerated. 

The writer believes from his own experi- 
ence under such circumstances, that the 
anemometer when placed in a strong current 
of air discharged from a fan, will exaggerate 
the amount of air discharged by from 20 to 
30 per cent. 

Another by no means negligible objection 
to the anemometer as an instrument for 
every day use is its extreme fragility. 
Unless the greatest care is used in handling 
a slight distortion of the vanes, and the 
consequent inaccuracy in the readings 
given, will ensue. An anemometer returned 
through the parcel post after calibration 
at Kew may still lead the unwary astray. 

The Manometer.—For measuring the pres- 
sure set up by a centrifugal fan, a mano- 
meter or water gauge is the instrument 
most generally employed. It consists 
essentially of a piece of glass tubing bent 
to the form of a U, the top of one leg of 
which is generally open to the atmosphere, 
the top of the other leg being connected by 
an india-rubber tube or other means to the 
enclosed space, the pressure in which it is 
desired to record. 

Provided that the enclosed air is at rest, 
its pressure in inches of water can be 
accurately read by observing the difference 
in level of the surfaces of the two columns 
of water in the gauge, but if the tip of the 
tube leading to the water-gauge is placed 
in a strong current of air, the water-gauge 
reading obtained may be extremely unre- 
liable unless proper precautions are observed. 
When used for measuring the pressure in a 
duct through which a current of air is flowing 
the tip must be placed exactly at right angles 
to the direction of flow, otherwise the height 
recorded im the gauge will be increased or 
decreased according as the tip is facing 





towards or away from the direction from 
which the current is flowing. 

Even when the tip is fixed exactly at right 
angles to the current, the inductive action of 
the air flowing over the end of the tip tends 
to diminish the pressure recorded, and with 
some forms of tip the error introduced by 
this inductive or asperating action of the 
air current is considerable. Messrs. Heenan 
and Gilbert, in a paper read before the 
Institution of Civil Engineers, gave some 
very valuable information with regard to 
tests which they had been conducting with 
side tips. The method adopted for carry- 
ing out the tests with these tips was briefly 
as follows :— 


The tip to be tested was screwed into a 
horizontal pipe about g ft. long, and this in 
turn was fixed to a hollow vertical spindle from 
which, by means ofa stuffing box, a connection 
was taken to an ordinary water gauge. 

The vertical spindle was rotated at a known 
speed, thus driving the tip through a circular 
path at a uniform speed. If there were no 
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FIG. 3.—ADDITIONAL GAUGE READING PER CENT., 
DUE TO INDUCTION. 
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inductive action due to the air flowing over the 
face of the tip, the reading on the water gauge 
would be that due to the vacuum set up in the 
horizontal revolving pipe by the centrifugal 
force acting on the air within it, and it is evident, 
as previously shown, that if P, — P, be the differ- 
ence between the pressure at the centre of the 
vertical spindle and that at the tip, that is to 
P,—P,_ v 
D 2g 
say, the reading in the water gauge will be due 
to the pressure that would be required to give 
an air velocity equivalent to that at which the 
tip is being driven. 


In these experiments, however, it was 
found that in addition to the vacuum just 
mentioned, an additional negative reading 
was given, amounting with one form of tip 


to 51 per cent. of the reading due to the 
centrifugal force. 

In Fig. 3 are given three of the forms of 
side tips tested along with the additional 
gauge readings per cent. due to induction. 

The form of side tip marked (1) in 
Fig. 3 was recommended to the authors 
of the paper by Prof. Unwin, and it was 
thought possible that with this form of tip 
the inductive action of the air was entirely 
neutralised, and that the small additional 
gauge reading shown was due to a certain 
amount of the external air being carried 
round with the tip; but thisis very doubtful. 
In any case it is evident that in measuring, 
by means of a manometer, the vacuum set 
up by a centrifugal fan, the work done may 
be greatly exaggerated unless a suitable tip 
is used. 


(To be continued.) 





A Large Coal Tip at Port Talbot. 


——o—— 


HE coal hoist and tip illustrated 
on the next page is one of 
the largest and most powerful 
appliances of the kind in Great 

Britain, and was constructed at the new 
dock of the Port Talbot Railway and 
Docks company for the rapid coaling of 
the largest steamers entering the Bristol 
Channel. The jetty upon which it 
stands and the approach viaduct are 
built in concrete-steel (‘‘ Hennebique ” 
system) and constitute the first applica- 
tion of the material to the purpose in 
question. 

The framework of the coal tip is a 
steel tower 70 ft. high, measuring 40 ft. 
by 28 ft. in plan, the hoist proper having 
the total lift of 55 ft. above quay level 
and 35 ft. above the gantry. It is 
capable of raising loaded railway trucks 
up to the gross weight of 30 tons at the 
rate of 120 ft. per min. and of lowering 
empties at the rate of 180 ft. per min. 
The bedplace of the tip is built up of 





massive box girders and the main tower 
together with its projecting wing and 
buttress is constructed of ordinary rolled 
steel sections. The weight of the hoist- 
ing cradle in which coal trucks are raised 
to the required height is counterbalanced 
in part by weights suspended from wire 
ropes working in grooves formed in the 
uprights at the landward side of the 
tower, a sufficient proportion of the 
weight being left unbalanced to provide 
for the descent of empty trucks by 
gravity. The tipping table, 24 ft. long, 
is pivotted so that it can be set to any 
required angle, and the tower is pro- 
vided with a 4-ton “anti-breaking ” 
crane for lowering coal in skips, this 
crane having the total lift of 65 ft., the 
maximum radius of 30 ft. and the mini- 
mum radius of 12 ft. 

Power for working the hoist, the 
tipping table, and the “anti-breakage ” 
crane, is furnished from hydraulic rams 
supplied with water under the pressure 
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of 750 lb. per sq. in, from the hydraulic 
mains of the company. For operating 
the cradle of the hoist two pairs of 
direct-acting hydraulic rams are fixed 
between the main centre girders of the 
tower, the head of each ram being 
attached to the cross beam at the top 
of the cradle. One pair of rams, with 
the diameter of 104 in., is used for 
hoisting trucks up to 12 tons gross 
weight, and the other pairs of rams 
with the diameter of 6 in. is brought 
into use when the maximum load has to 
be raised. 

Power for operation of the tipping 
table and the auxiliary crane is furnished 
by other hydraulic rams fixed at the sides 
of the tower. 

All the rams are controlled from a 
valve house built on the upper platform 
of the tower. 

The general arrangement of the hoist 
is similar to that of kindred appliances 
previously installed at Port Talbot, but 
this example is of far more powerful and 





of proportionately massive construction, 
its total weight being nearly 200 tons. 

It may be of interest to state that the 
railway approach lines, or “ load roads,” 
to the new coal tip provide storage 
accommodation for fully 3,500 tons of 
coal distributed over five sidings in such 
a way as to facilitate the ready marshal- 
ling of trucks, and the blending of coals. 
Other railway lines, known as “light 
roads,” are used for empty trucks 
returning from the tip and are capable 
of accommodating about 120 trucks. 
The gradients of the load and light lines 
are arranged so that loaded trucks 
gravitate to the tip, and empty trucks 
from it, thus rendering unnecessary the 
employment of locomotives except for 
bringing coal to the siding and for the 
removal of empties. 

In order to provide for this economical 
method of working it was necessary to 
build embankments with the total length 
of 1,500 ft., the levet of the load line for 
five trucks abreast being some 20 ft. 














higher than that of the light line. 
Weighbridges, a hydraulic turntable, 
and two hydraulic capstans have been 
installed in suitable positions for weigh- 
ing full and empty trucks and for the 
expeditious handling of traffic. 
The whole of the works with the 
exception of the coal tip were designed 
by Mr. W. Cleaver, the chief engineer 





A LARGE COAL TIP AT PORT TALBOT. 






COAL TIP AT PORT TALBOT. 


PR 














os 
t 
4 


— 
iY 
Tam 
= 


c~ 


ts 






as = WANN |) 


=Av —S > SAN 
os 
3 


a 


to the Port Talbot Railway and Dock 
Company. The coal tip was constructed 
to the designs of Mr. A. H. Hertz, the 
locomotive superintendent to the com- 
pany, by Messrs. John Abbott & Co. 
of Gateshead, the weighbridges were 
supplied by Messrs. Pooley & Sons, and 
the turntables by Messrs. W. Richards 
& Son, of Leicester. 








Some New Uses for Reinforced 


Concrete. 


By W. NOBLE TWELVETREES, M1.Mech. EB... AWE. 


——@—— 


© many papers have been read of 
late, discussing the general 
principles governing the design 
of reinforced concrete structures 

and describing works’ of familiar 
character in which reinforced concrete 
has been adopted as the material of 
construction, that the author thinks 


it well, on the present occasion, to 
follow a somewhat less frequented 
path. 


Under the title selected for this paper 
he considers briefly some types of con- 
struction that have not yet been applied 
in this country, others that have been 
adopted only quite recently, and others 
again that are not new in themselves 
but are suitable for employment in novel 
directions 

1.) Inthe first category may be placed 
such constructions as railway sleepers, 
standards for overhead electric cables in 
power transmission and electricity dis- 
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tribution systems, and poles for tele- 
graph and telephone wires. 

Reinforced concrete railway sleepers 
are to be found on several lines in the 
United States. Fig. 1 contains details 
of the ‘* Campbell” sleeper; some 150 
of which were laid down on the Elgin, 
Joliet and Eastern Railway in 1905, 
and 1,000 on the Chicago, Lake Shore 
and Eastern Railway during last year. 
This sleeper is of concrete, reinforced by 
two cld locomotive boiler tubes and ; 
surrounding ring of wire netting. 
According to the published results of 
tests, the “*‘ Campbell” sleeper is capable 
of withstanding loads up to 80,000 lbs. 
applied at the rail seat, before showing 
signs of failure by crushing, and of sup- 
porting transverse loads up to 10,000 lbs. 
applied at the middle, the rail seats 
being supported on blocks at the distance 
of 5 ft. apart. Fig. 2 illustrates the 
type of sleeper adopted on the Chicago 
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and Alton railroad by Mr. G. H. Kim- 
ball. Sleepers of this type have been 
in service on that line since tgo1r, and 
have proved capable of withstanding 
the effects of heavy traffic in a perfectly 
satisfactory manner. 

The sleeper consists of two blocks of 
concrete, each 3 ft. long, by 7 in. thick, 
by 9 in. wide, connected by two 3 in. 
steel channel bars embedded in the con- 
crete blocks. The rails are secured by 
spikes upon hardwood blocks intended 
to absorb shocks and distribute pressure. 
The small drawing at the right-hand 
bottom corner of Fig. 2 shows three of 
the sleepers as laid on the permanent 
way. 

Other types of reinforced concrete 
sleepers are in use on several American 
railways, and the fact that the employ- 
ment of the material for the purpose 
has been taken up seriously in 
a great timber-growing country should 
serve as a hint to railway engineers in 
this country, where the cost of timber 
tends to increase year by year. 

The “ Caio” sleeper, adopted experi- 
mentally on the Italian railways in the 
year 1900, has shown satisfactory results 
and it is stated that the authorities have 
decided to lay 300,000 sleepers of the 
same type. As shown in Fig. 3, the 
sleeper is reinforced ina somewhat com- 
plicated manner by longitudinal steel 
rods interlaced with wire, while vertical 
rods and netting are placed beneath the 
chair seats and some netting in the 
middle portion of the sleeper. 

Reintorced concrete poles have been 
used for some time past for carrying the 
cables employed in power transmission 
systems in various continental countries. 
An improved method of construction 
has recently been introduced by Messrs. 
Siegwart, of Lucerne, for the production 
of hollow poles by means of a special 
machine, the poles being made to any 
required length and taper, and the con- 
crete reinforced suitably for the length 
and the load to be carried. 

Reinforced conerete standards for 
power transmission lines are coming 
into extensive use in the United States. 
Fig. 4 contains full details of the stan- 
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dards for a three-phase power trans- 
mission line, the standards being 4g ft. 
74 in. high with a minimum clearance 
of 30 ft., reinforced with twelve # in. 
and Z in. longitudinal bars and a spiral 
winding of 2 in. steel wire. Commencing 
at the top of Fig. 4, and reading from 
left to right, we have—after the general 
elevation—a detail of the top pin and 
socket, a part elevation of one of the 
lower cable pins and below these two 
drawings a plan of the pin bracket. The 
next details to the right illustrate the 
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double pin bracket employed for stand- 
ards intended to be guyed, the top fitting 
for guyed standards being shown below. 
The system of guying is illustrated in 
the two drawings at the bottom right- 
hand corner, the remaining detail being 
a horizontal section of the standard near 
the base. 

The utility of reinforced concrete 
for the purposes now under considera- 
tion should appeal to the Post office and 
railway companies, as well as to those 
concerned in electricity undertakings, 
since reinforced concrete is an ideal 
material for theconstruction of telegraph 
and telephone poles. An instance of 
enterprise in this direction has been 
afforded by the Pennsylvania Railroad, 
by whom a mile of telegraph poles was 
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erected in the autumn of last year. The 
poles, from 23 ft. to 34 ft. long, were 
made of concrete, reinforced with 
twenty-four + in. rods, their transverse 
dimensions were 8 in. square at the 
bottom tapering to 6 in. square at the 
top, the corners being chamfered so as to 
give an octagonal cross-section above the 
ground level. The work was hurried soas 
to have the line ready for inspection at 
a given date, and in consequence some 
of the poles were erected within five 
days after they had been made. Not- 
withstanding this hasty construction and 
the severe windstorms of last winter, it 
is stated that the poles were in almost 
perfect condition in May this year. 

(2.) Foremost among examples in 


the second category, of new uses for 
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reinforced concrete, should be mentioned 
the Scotstoun dock recently completed 
on the Clyde for the Coventry Ordnance 
Company. As an entirely new depar- 
ture in marine engineering, this work 
deserves consideration. 

This dock (Fig. 5) is small as such 
works go, having the length of 176 ft., 
the width of 48 ft. and the depth of 50 ft. 
from quay level to the bottom. The 
walls are reinforced by a network of 
‘“‘Indented”’ patent steel bars and are 
strengthened by fourteen counterforts 
which also serve the purpose of sup- 
porting the gantry for a heavy travelling 
crane. The detail at the right-hand top 
corner is an enlarged section showing 
the construction more clearly. The 
dock walls curve outwards at the en- 
trance and merge into quay walls 
measuring 188 ft. and 47 ft. long on 
either side, as shown in the plan. The 
design as a whole represents sound and 
substantial construction, the concrete 
being monolithic throughout, and rein- 
forced in such manner as to afford 
ample resistance to tension and to guard 
against the development of temperature 
cracks, 

Another novel and useful application 
of reinforced concrete to marine engin- 
eering is to be found in the breakwater 
built as a protection to the fishing har- 
bour at Passage East in the 
estuary of the River Suir, near 
Waterford (See Fig. 6.) This” - 
work, built by the Irish Board 
of Public Works in accordance 
with the ‘‘ Hennebique” system, 
is 120 ft. long by about 20 ft. 
wide. The foundation consists 
of a cofferdam made by driving 
reinforced concrete grooved 
sheet piles, from 15 ft. to 30 ft. 
long, according to the depth of 
the river bed, formed into a 
water-tight wall by dowels of 
cement grout filled into the 
adjacent grooves in the sides of 
the piles. The cofferdam was 
filled up with rubble, and from 
its upper edge was built up a 
super-structure consisting of 
reinforced concrete columns, 
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walings, diagonal bracing, longitudinal 
and transverse deck beams, with lateral 
curtain walls and a continuous decking. 
All these portions of the structure are 
monolithically connected and reinforced 
by a complete network of steel bars. A 
breakwater of this kind would manifestly 
be inadequate for the open sea, but in 
comparatively sheltered positions, where 
trouble is caused by waves of moderate 
size, it is entirely suitable, as demon- 
strated by the behaviour of the work 
here illustrated. 

Figs. 7 to g illustrate the sea-wall and 
protective slope designed by Mr. Nelson 
F. Dennis, the borough engineer of 
West Hartlepool, and built under his 
direction between that town and Seaton 
Carew. The total length of the work is 
about two miles. It commences at 
Seaton Carew as a retaining wall, the 
batter of which is gradually increased 
until the wall merges into the protective 
slope. The retaining wall, as may be 
seen by Fig. 7, consists of a foundation 
slab, counterforts, and a face wall, and 
the structure is prevented from sliding 
seawards by timber piles and walings. 
All parts of the construction are rein- 
forced by expanded metal, so that the 
quantity of concrete necessary was re- 
duced to an absolute minimum, This 
will be realised when it is stated that 
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the foundation slab is only 6 in. thick, 


the counterforts 6in. thick, and the face 


wall g in. thick at the bottom and 5 in. 
thick at the top. Although the construc- 
tion is very light, stability against over- 
turning is assured by the weight of the 
earth filled in behind the face wall and 
resting upon the counterforts. Fig. 7 
is a section of the construction beyond 
the border of Seaton Carew. Fig.8 isa 
section of the protective slope, whose 
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inclination is further increased near the 
town of West Hartlepool. As in the 
case of the retaining wall, the toe of the 
structure is prevented from. sliding 
downward by being butted ‘against 
timber piling and waling pieces. 

Fig. 9 is a view showing part of the 
protective slope during the process of 
concreting. 

Another application of reinforced con- 
crete to coast defence works is illustrated 
by the protective wall and 
promenade at Hornsea, on 
the Yorkshire coast, designed 
by Mr. W. T. Douglas, 
M.Inst.C.E. Fig. to repre- 
sents the construction of the 
lower promenade upon the 
plain concrete sea wall. The 
promenade is of concrete rein- 
forced with expanded metal, 
and is stiffened by ribs of the 
same material at distances of 
7 ft.g in. apart. On the top 
of the cliff there is an upper 
promenade, and as the soil is 
of extremely friable nature, 
the surface of the cliff has been 
protected by a reinforced con- 
crete wall, 9 in. thick at the 
bottom and 4 in. thick at the 
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top, with buttresses at intervals 
of 7 ft. 9g in. apart. Fig. 10 
shows the reinforcement in posi- 
tion for the protective wall. In 
Figs. 11 and 12 we have two 
views illustrating the application 
of reinforced concrete to the 
construction of groynes for fore- 
shore protection at Roedean, 
near Brighton. These groynes, 
patented by Dr. J. S. Owens, 
A.M.Inst.C.E., consist of stand- 
ards driven as piles, or otherwise 
secured in the shore at suitable 
intervals apart. .\s represented 
in Fig. 11 they are made with 
grooved sides, so that reinforced 





concrete slabs can be slipped in 
place between them, and fresh 
slabs be added as those first 
applied are covered by the 
accretion of beach material. 
The standards and slabs are 
made in accordance with the 
“ Hennebique”’ system, and in 
addition to the superior dur- 
ability of the material as com- 
pared with timber, its weight is 
an important factor, causing the 
slabs to sink down to anyaltered 
contour of the beach in conse- 
quence of under-runs. Fig. 12 
shows the upper end ofa groyne 





at Koedean; this part of the 
construction being near the 
cliff, where a large accumula- 
tion of shingle is expected. It 
alsoshows the method of strut 
ting high groynes of this type. 

Turning now to a work of 
a different class, it may be 
pointed out that several rein- 
forced concrete bridges for 
railway traffic are already to 
be found in Great Britain. 
These may be considered as 
stepping-stones towards the 
application of the same ma- 
terial to the building of im- 
portant railway bridges and 
viaducts for main-line traffic. 
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In addition to its superior durability 
as compared with that of steel, reinforced 
concrete permits the realisation of light 
and graceful designs that are out of the 
question in brick, stone and plain con- 
crete. This pointis illustrated by Figs. 13 
and 14, Where the upper sketch is the 
elevation of a plain concrete railway 
viaduct, built a few years ago in the 
South of England. The viaduct is 600 ft. 
long, and includes ten arches of 50 ft. 
span. Owing to the unstable character 
of the ground and the weight of the 
structure, considerable trouble was 
caused by settlement, and especially by 
a land-slip near the western abutment 
and the adjacent pier, the effect of the 
subsidence being to crack the first arch 
at the crown. 

Fig. 14 shows the viaduct as it 
might have been built in reinforced 
concrete without exceeding arch spans 
already realised in actual practice. In 
a design of this character, the outward 
thrust of the arches would naturally 
oppose any tendency of the embank- 
ment to slide downwards, and in unstable 
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ground perfect stability of the founda- 
tions could easily be secured by building 
them upon reinforced concrete piles 
driven down to a sufficient depth. 

An example of far bolder design than 
that suggested is afforded by the Plou- 
gastel bridge (Fig. 15), authorised for 
construction by the French Government 
and designed in accordance with the 
Considére system of hooped: concrete. 
This bridge includes two cantilever and 
bowstring girder spans of 317 ft. g in., 
two latticed girder spans of 106 ft. 7 in. 
and one similar span of 52 ft. 6 in., apart 
from the swing span at the right-hand 
end, which is to be built in steel. The 
bridge will carry road traffic and an 
electric tramway. 

Another striking example of reinforced 
concrete railway viaduct construction is 
to be found in the extension of the 
Florida East Coast Railway from the 
mainland to the island of Key West. 
The new line is being carried across the 
series of islands known as the Florida 
Keys, and for some seventy-five miles 
of its length will cross the sea on 
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embankments and _ viaducts. 
In places where the depth is 
considerable and the channels 
are exposed to storms, rein- 
forced concrete viaducts will 
be built, ranging in length 
from nearly a mile to more 
than two miles each. 

Fig. 16 is part of the longest 
viaduct now in course of com- 
pletion. The structure com- 
prises 217 arches of 50 ft. span, 
supported on piers rising from 
the sea bed 10 ft. to 30 ft. 
below the surface, and carry- 
ing the railway at a height of 
31 ft. above water level. It 
will probably be conceded that 
the construction of these via- 
ducts shows that American 
railway engineers are quite 
prepared to accept reinforced 
concrete as a trustworthy and 
durable material for use 
under exceptionally — trying 
conditions 

As final illustrations of reinforced 
concrete railway bridges and viaducts, 
two views are _ of other typical 
structures in the United States. 

Fig. 17 is a photograph of the Dan- 
ville double --track bridge, with two spans 
of So ft. and one span of roo ft., 
on the Cleveland, Cincinnati, 

hicago and St. Louis Railroad, 
this work having been designed 
on the “ Indented Bar” system. 

Fig. 18 is a view during con- 
struction of the double-track 
railway viaduct, designed on , 
the ‘“‘ Kahn” system of trussed 
concrete, for the Richmond 
and Chesapeake Bay Railroad 
across the city of Richmond. 
This viaduct is about 2 mile 
long, in some places it is 8o ft. 
high, and it is said to be the 
longest reinforced concrete con- 
struction hitherto completed. 

Several graceful highway 
bridges of moderate span have 
been erected in Great Britain 
on the “Hennebique” and 
other systems, but the claims of 





reinforced concrete as a material fot 
spanning important rivers still remains 
to be recognised in a practical manner. 
In France we have the Decize bridge 
on the Loire with two arches. of 
nearly 184 ft. span; in Belgium the 








FIG. 17 











River Our, the bridge at Liége witha 
central cantilever span of 180 ft.; in 


Bavaria, the Isar river bridge at Griin- 
wald with two arches of 230 ft. span, 
and girder approaches bringing the total 
length up to 7oo ft.; in Spain, the 
Bormida bridge with an arch span of 
167 ft.; in Portugal, the Pena river 
bridge with five arches of about 115 ft. 
span; and in the United States the 
National Memorial bridge 
Potomac, having the total length of 
3,400 ft., and including six reinforced 
concrete arches of 192 ft. span. 

\ll the foregoing are fine bridges and 
some of them are truly monumental. 
There is nothing approaching them, so 
far as concerns reinforced concrete, in 


across the 

















7 





413 bh Bi A ET 









KUADA PRIA LED 


THE ENGINEERING REVIEW. 


our own country. Steel girders 
' or arches are usually employed 
for long span bridges. 


Fig. 19 serves to suggest that 
the necessity for this practice 
no longer exists. The first draw- 
ing represents a_ steel girder 
bridge of familiar type, with . 
two spans of 248 ft. and two of 
168 ft., carrying a roadway at 
the height of nearly go ft. above 
a river. 

The second drawing gives an 
idea of what could have been 
done on the same site in rein- 
forced concrete without involv- 
expenditure, em- 


ing greater 
more graceful 


bodying a far 

type of design, and obviating 
the necessity for painting and mainten- 
ance charges. 

In London, when old Vauxhall Bridge 
was found to be unsafe, the decision was 
made to replace it by a plain concrete 
structure. Unfortunately, this involved 
comparatively short spans and so much 
weight that it was found necessary in 
the end to build the arches of steel in 
order to reduce the load upon the 
foundations. If reinforced instead of 
plain concrete had been decided upon 
at the outset, all essential conditions 
could have been satisfactorily met, and 
the bridge might have been made a 
really fine example of progress in con- 
structive work as weli as an ornament 
to the metropolis. 
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As Southwark Bridge will be rebuilt 
at no distant date, the opportunity offers 
for the erection of a structure worthy of 
being ranked with the great reinforced 
concrete bridges of the world. There 
would be no difficulty in spanning the 
river by three arches of approximately 
the same length as those in the existing 
bridge. 

Fig. 20 contains outline elevations of 
the existing bridge and the general 
character of the design suggested by 
the author. 

The three spans would be much 
lighter than either the present cast-iron 
arches or solid masonry. Consequently 
the risk of any trouble such as that 
experienced in connection with the 
rebuilding of Vauxhall Bridge would be 
avoided. 

The aesthetic treatment of a bridge 
such as this is a matter scarcely coming 
within the scope of the present paper, 
and the author contents himself with 
an expression of the opinion that with 
architectural co-operation engineers 
should have no difficulty in dealing with 
reinforced concrete so as to make any 
structure of the kind pleasing to the 
eye as well as appropriately expressive 
of the constructive design and of the 
material employed. Unfortunately there 
is a tendency amongst engineers to hide 
the true features of reinforced concrete 
construction by attempting to reproduce 
mere imitations of masonry structures, 
instead of developing the exterior in 
harmony with the mechanical principles 
actually involved. 











Passing on to the third category, 
attention will now be drawn to structures 
illustrating the suitability of reinforced 
concrete as a material for the construc- 
tion of railway station roofs, locomotive 
depots, and bridges over railways, 
wherein steel work is particularly liable 
to corrosion by reason of its exposure 
to steam and destructive gases from 
locomotive engines and boilers. 

Fig. 21 is a part elevation of the 
principal facade of the Renommée Hall, 
at Liége, a building constructed entirely 
in reinforced concrete and suggesting 
the adaptability of that material for the 
design of rust-proof and fire-proof rail 
way Stations. In this particular struc- 
ture the roof comprises a terrace and 
three domes, each 55 ft. diameter, but 
it is quite clear that a series of arched 
roofed spans could very easily be de- 
signed on the lines indicated by the 
drawing. ‘ 

The fashion for gigantic roof spans, 
such as those of St. Pancras and 
Cannon Street, is now on the wane, and 
the type of construction favoured in the 
present day is well illustrated by the 
new roof of Charing Cross station, 
where latticed girders extend from side 
to side of the station, with two lines of 
intermediate supports, and carry several 
small roof spans arranged on the ridge 
and furrow system. A similar method 
of construction would be quite feasible 
in reinforced concrete by building a 
series of small roof spans upon trans 
verse girders or upon arched supports 
of the graceful type suggested by the 
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elevation of the Renommée 
Hall, Liége. 

Another direction in which 
the use of reinforced concrete 
should be specially valuable 
to railway engineers is in the 
construction of locomotive 
depots. The life of steel-work 
in such buildings cannot be 
put at more than about fifteen 
years, and although timber is 
more durable, the risk of fire 
is inseparable from its use. 
Fig. 22 contains part longi- 
tudinal and transverse sec- 
tions of the locomotive depot 
built from the designs of Pro- 
fessor Bosset on the Jura- 
Simplon Railway, near Lau- 
sanne, the building being 
about 165 ft long by 215 ft. 
wide. 

It is difficult to understand why 
reinforced concrete has not yet been 
applied in this country to the construc- 
tion of road and other bridges overt 
railways, where the injury caused to 
steel-work is very serious. The im- 
portance of the problem has been fully 


recognised in the United States, where 
reinforced concrete bridges are rapidly 


taking the place of steel structures in 
country districts as well as in 

large cities. Fig. 23 contains 

views of two overhead cross- 

ings on the Cleveland, Cin- 
cinnati, Chicago and St. Louis KS 
Railroad, these bridges being 
entirely of concrete reinforced 
on the indented bar system. 

In a recent paper by Mr. 
George S. Webster, chief engi- 
neer of surveys of Philadelphia, 
it is stated that the almost 
total destruction of several iron 
highway bridges over steam 
railways, at places where rein- 
forced concrete arches could 
not be built owing to lack of 
headroom, has resulted in the 
design of steel bridges, all the 
members of which are encased 
in concrete, and which have 
concrete jack arches instead of 





the usual steel trough flooring. Mr. 
Webster believes that this composite 
type of structure will be much more 
permanent and at the same time more 
economical than steel construction. 

Concrete can also be usefully employed 
for encasing steel bridges with the object 
of protecting them against corrosion 
and of hiding the unsightly appearance 
of the usual girder construction. 
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Fig. 24 is a view of the Wabash 
Railroad bridge in Forest Park, St. 


Louis. This is a plate girder bridge 
with concrete floor, hollow abutments 
and ornamental balustrade, reinforced 


on the indented bar system. As all the 
steel is protected from corrosion, the 
cost of maintenance is avoided, and, as 
may be judged by the illustration, the 
structure cannot be regarded as an eye- 
sore to those making use of the park in 
which it is situated. 

In conclusion, it may be added that 


reinforced concrete has been largely 
applied on the Continent and in America 
to the construction of foot bridges in 
railway stations, but British railway 
engineers continue to use steel for the 
same purpose. If all bridges of the 
kind now in existence were cased in 
concrete they would be rendered proof 
against destructive influences, and the 
saving in maintenance charges would soon 
repay the capital expenditure necessary. 


{Revise ind exte led | mn a paper read before the 


—— a 


Double-Deck Bridge over the River Wear: 
North-Eastern Railway. 


N interesting bridge of the 
double-deck type involving 
some novel methods of con 
struction is now in course of 


construction at Sunderland over the 


Rivet Wear, for the accommodation of 


the North-Eastern Railway and fot 
tramway, vehicular, and _ pedestrian 
traffic. 

The contract comprises the main 
bridge over the river and nine others on 
the approach lines, covering altogether 
a distance of about 1} miles. 

All the bridges are for a double line 
of railway, and the double-decked main 
bridge carries a roadway and two foot- 
paths, the latter outside the main girders 
on a platform beneath the railway. In 
the centre of the roadway is a single 
track of tramway lines, and the Sunder- 
land gas and water main are carried 
across on the ends of the cross girders. 


The bridge over the river consists of 


three land spans 200 ft. clear, one river 
span 330 ft. clear, and north and south 
approaches. 


The approaches are composed of 


masonry arches, on which is_ super- 


imposed the steelwork which carries the 
railway. About 60,000 tons of freestone 
and a third of a million bricks were used 
in building these approaches. All the 
face-work is of red sandstone from 
Locharbriggs Quarry, Dumfries. The 
steelwork on the south approach is now 
about half finished. The material is 
raised into position by a crane travelling 
along the finished portion at the railroad 
level. 

The abutments and piers of the 
bridge are built of Norwegian granite, 
about 40,000 tons being used. The 
main pier on the south side was founded 
by means of a cofferdam, and on the 
north side a large steel caisson, 63 ft. 
long, 35 ft. wide, and 41 ft. deep was 
sunk 78 ft. below high water level by 
means of compressed air. ‘The caisson, 
which weighed about 270 tons when 
lowered from the staging, is founded on 
red sandstone, and was lowered to the 
river by means of hydraulic jacks, the 
sinking being carried on by a load 
applied in the customary manner. 
With the exception of the working 
chamber and_ shaft through which 
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piers, and by means of temporary ties the 




































































parts erected will be held up until a 
junction between the two protruding 
Uh, ends is effected. Each part will be 
| raised into position by means of travelling 
i; | cranes which will run at the rail level. 
/) The towers will be held back by tem- \ 
porary ties attached to the side spans 
ra ty which will thus act as counterweights. 
: ft! The maximum load to which any 
‘ i} - . . - 
1 | set of supporting ties attached to one 
3 1 | girder will be subjected is 710 tons. 
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FI¢ 5.—CROSS SECTION, 330 FT. SPAN 


The maximum load on each tower will 
be 760 tons. 

The weight of each main girder on 
the 200 ft. spans is 280 tons, and on the 
300 ft. spans 870 tons. The total 
weights are about 1,400 tons and 2,400 
tons respectively. The weight of the 
steelwork comprised in the whole con- 
tract is about 9,000 tons. The main 
girders vary from 30 ft. in the side spans 
to 40 ft. in depth in the middle one. 
The bearing pressure due to each 200 ft. 
span girder is 350 tons. 

The railway approaches the bridge on 
raised banking, containing about 300,000 
cubic yds. of material, and comes on to 
the first span froma curve of 19} chains 
radius and is straight over the remainder 
of the bridge. The railway level rises 
from the north to the south, the gradient 
on the north approach being 1 in 117, and 


on spans I and 2, 1 in 118°16. Spans 3 
and 4 are level, while on the south 
approach the rise is 1 in 200, 

The roadway on the bridge consists 
of # in. thick inverted buckled plates, 
covered with concrete with wooden setts 
on the top. The width between the 
centres of girders is 32 ft., and on the 
approaches is 27 ft. g in. between 
centres of columns. 

The footpaths are outside the main 
girders and have a parapet 4 ft. ro. in. 
high on the outside. They are 7 ft. 6 in. 
wide, and have trough flooring covered 
with concrete. 

On the ends of the roadway cross 
girders, which project 5 ft. g in. beyond 
the footpath on each side, are carried 
the Sunderland gas and water mains. 
These mains, which are respectively 
17 in. and 21 in, internal diameter, 














DOUBLE-DECK BRIDGE 


rest on oak blocks shaped to fit the 
pipes. 

Any further description is perhaps 
best got from the accompanying draw- 
ings. Fig. 1 shows a general view of 
the whole length of the bridge and a key 
plan to the approaches. Fig. 2 is also 
a general drawing, but shows the erec- 
tion staging in position beneath spans 
2 and 4, and also outlines the “ over- 
hang’ erection arrangement for the 
main span. Figs. 4 and 5 are cross 
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sections on the 200 and the 330 ft. spans 
respectively. 

The entire work was designed by the 
engineer to the North-Eastern Railway 
Company, Charles A. Harrison, Esq., 
LL.D., and the contractors are Sir 
William Arrol & Co., Ltd., Glasgow, 
whose Managing Director, Andrew S. 
Biggart, Esq., has superintended the 
progress of all the works. The sub- 
contractors for the masonry work are 
Messrs. Mitchell Brothers, Glasgow. 





RAILWAY ENGINEERING 
NOTES. 


Compound Goods Locomo- 
tive, Lancashire and 
Yorkshire Railway. 


The Lancashire and Yorkshire Railway 
Locomotive Works, the building of which 
was commenced in 1886, have just turned 
out the thousandth engine built there. 

The works were erected for the purpose 
of repairing and renewing the locomotive 
stock, and of carrying out the mechanical, 
electrical, and hydraulic engineering work 
of the railway. The land enclosed for the 
works comprises 116 acres, of which 22 acres 
are covered by workshops, comprising offices, 
stores, boiler shop, smithies, steel, iron, and 
brass foundries, forge, fitting and machine 
shops, signal, and points and crossing shops, 
tin and copper shops, motor and telegraph 
shops, millwrights, joiners, and pattern 
shops, erecting and repairing shops, paint 
shop, chemical laboratory, physical testing 
room, and gas works. For the carriage of 
material from the stores and of work to and 
from the several shops, 7} miles of tramway 
lines are laid throughout the works, haulage 
being performed by a number of small 
locomotives, the weight of which in working 
order is 33 tons. 

Mr. Aspinall, the present general manager 
of the Lancashire and Yorkshire Co., was 
in at the very inception of the works, and 
under his direction they were erected, 





equipped, and organised. The first repaired 
engine was turned out in December, 1886, 
and the first new engine, designed by 
Mr. Aspinall, was built in February, 1859 
This was an 8-wheeled radial tank engine 
(No. 1008). During Mr. Aspinall’s period 
of superintendence as chief mechanical 
engineer, 667 engines were built, comprising 
the 8-wheeled radial tank engines previously 
referred to, 6-wheeled tender goods, 
8-wheeled bogie passenger tender engines, 
and 10-wheeled bogie “ Atlantic type pas- 
senger engines. The last named, at the 
time they were built, were the largest inside 
cylinder engines in the United Kingdom. 
A number of small 4-wheeled outside 
cylinder shunting tank engines were also 
built for dock work, as well as twenty 
6-wheeled outside cylinder shunting tanks. 

When Mr. Aspinall took up the duties of 
general manager for the company, in July, 
1899, Mr. Hoy was appointed chief me- 
chanical engineer, and the classes of engines 
built during the time he held this position 
included the powerful 8-wheeled coupled 
coal engines, with ‘ Belpaire”’ fireboxes, 
and also twenty of these engines with corru- 
gated flue boilers, very few of which are 
running on other railways in this country. 
Mr. Hoy also designed the 10-wheeled 
radial tank engines, and in all 220 engines 
were built during his period of office, which 
terminated in March, 1904, when he received 
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COMPOUND GOODS ENGINE. 








an appointment as general manager for 
Messrs. Beyer, Peacock & Co., the locomo- 
tive engineers, of Manchester. 

He was succeeded at Horwich by Mr. 
Geo. Hughes, the present chief mechanical 
engineer, under whose supervision 113 new 
engines have, up to the present, been built. 
He designed the 8-wheeled radial tank 
engines with “ Belpaire”’ fireboxes and 
enlarged smokeboxes, and the very power- 
ful 8-wheeled coupled compound coal 
engines, eleven of which are now running, 
and the last of which is the thousandth new 
engine built at these works, as previously 
referred to, a photograph of which is here 
given. 

The introduction of these compounds may 
be considered a bold step to take. After 
very exhaustive trials with one engine, which 
he had converted from a simple to a com- 
pound, Mr. Hughes had evidence that his 
system of compounding was a good invest- 
ment, and consequently he decided to build 
ten more. These ten new engines are 
slightly modified from the original design, 
which had all the cylinders driving on to 
one axle, but in the ten afterwards built 
the high-pressure cylinders were coupled 
to the third axle, whilst the low-pressure 
drove the second axle. 

These compounds have four cylinders, 
namely, two high-pressure 15} in. diameter, 
and two low-pressure 22 in. diameter, all 
of which have a stroke of 26 in. These 
four cylinders actuate separate cranks, and 
the engine is termed a balanced compound, 
as there is always one piston working in 
exactly the opposite phase to another, so 
that balanced counter weights in the driving 
wheels are largely reduced. The _ high- 
pressure cylinders are placed outside the 
frames, and the low-pressure inside. The 
valves, which are of the piston type for the 
high-pressure, and Richardson’s balanced 
slide for the low, are so constructed that 
steam trom the boiler is admitted to the 
high-pressure cylinders through the central 
part of the high-pressure valves, and after 
doing duty in these cylinders, exhausts past 
the ends of the valves through a tubular 
receiver into the low-pressure steam chest 
from the ends of the valves, and finally 
exhausts through the central part into the 
atinosphere. 

rhe valve motion is the ‘** Joy”’ pattern, 
which is the standard used by this com- 
pany. One motion drives two valves, 
namely one high and one low-pressure, 
through the medium of a two-armed rock- 
ing shaft. These valves travel together in 
the same direction, while the pistons move 
opposite. 
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For efficiently starting the engine, or in 
case of emergency should the engine stall 
on a bank, Mr. Hughes has patented an 
arrangement whereby steam direct from 
the boiler is admitted automatically to the 
low-pressure steam chest through a starting 
valve, the details of which are given in the 
accompanying drawing. When the driver, 


as is the usual custom, places the reversing 
lever into either full forward or full back- 
ward gear, this operation allows boiler 
steam to pass into the low-pressure steam 
chest, and places the high-pressure pistons 
in equilibrium. No power at this time is 
given out by the high-pressure pistons 
they simply float in boiler steam—but the 
low-pressure, being of large diameter, 
namely, 22 in., ample power’ under 
these conditions is always available for 
starting or negotiating loads on banks. 
This arrangement is extremely simple. 
Its movement does not depend upon 
variations of pressure, nor can it be 
Vol. 17.—No gg. 





abused by the driver. ts action 1s 
positive and automatic, and it cannot be 
tampered with. 

rhe low-pressure steam chest is con- 
structed with a secondary steam chest or 
chamber, having ports leading to the low. 
pressure steam chest. Connected to this 
chamber is a steam pipe passing through 
the smokebox, and which is connected to 
the regulator Tee pipe. The opening and 
closing of the chamber ports are controlled 
by a valve, which is connected to the 
reversing shaft of the valve motion. When 
the reversing lever is in full forward or full 
back gear, the ports are open and the boiler 
steam is supplied to the low-pressure steam 
chest. At this time the low-pressures only 
are supplying power, whilst the high-pres- 
sure pistons simply float in the boiler steam. 
The low-pressure cylinders being 22 in. 
diameter, ample power is always obtainable 
for starting. 

The operation of this valve will be more 

D 
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fully understood by reference to the draw- 
ing:—Fig. 1 is the longitudinal section on 
line AA, Fig. 2; Fig. 2 is the sectional 
plan on line BB, Figs. 1 and 3; Fig. 3 
transverse section on line CC, Figs. 1 
and 2; Fig. 4 enlarged elevation trom 
inside of starting valve corresponding to 
Fig. 1; Fig. 5, sectional plan of same, 
corresponding to Fig. 2; Fig. 6, trans- 
verse section of same, corresponding to 
Fig. 3. 

The low-pressure steam chest D is of 
ordi:ary construction with receiver pipes, 
through which steam is admitted from the 
high-pressure cylinders. Adjacent to the 
steam chest D, a secondary steam chest or 
chamber a is constructed, cast therewith, 
with perts N and N! communicating with 
the steam chest. 

To tle secondary steam chest, or chamber 
a, is connected a steam pipe m, passing 
through the smokebox, which delivers steam 
to the boiler. 

In the secondary steam chest a starting 
valve is placed capable of sliding to and 
fro past the ports N and N', so that when 
in its extreme positions at either end of its 
stroke the ports N and N! are opened, but 
in any intermediate positions these ports 
are closed. This starting valve is operated 
by a lever connected direct to the reversing 
shaft. 

The starting valve is constructed of 
two slide valves, ) and }', placed back 
to back, which are pressed to their 
seats by the pressure of high-pressure 
steam, but spring c and c! are inserted to 
insure the valves being always kept to 
their faces. 

These valves are easily examined or 
removed by taking off the cover e. The 








arrangement is entirely automatic and 
positive in its action. 

From an extensive number of experi- 
ments made with the original compound 
engine and a simple expansion engine of 
the same type. the compound showed a 
saving of 25 per cent. of fuel and a corre- 
sponding saving in water. The working 
pressure of both engines in these tests was 
180 lb. per sq. in. 

Loads as high as 800 tons are hauled 
daily by these compounds over gradients 
of 1 in 150. 


PARTICULARS OF EIGHT WHEELED Compounp Goops 
ENGINE WITH “ BELPAIRE” FIREBOX. 





Cylinders, high-pressure ‘ 154 in. x 26 in. 
* low-pressure 22 in. x 20 in. 
Wheels, diameter 4 ft. 6 in. 


Wheel base 16 ft. 4 in. 
Centre of leading to driving 5 ft. 114 in 
driving to intermediate 5 ft. 2} in. 














oe intermediate to trailing ft. 2} in. 
~~ © 
Weight loaded : 
eadit 14 4 
SS 15 13 2 
Intermediate 6901 
Trailing ; 8 
Tota 60 16 I 
4 it in 
be-plates sf 
tt. 1 ir 
A tre ,i 
‘ ide diameter 2i 
ain 
14 
Tota ya f 
Firegra 22 ft 
Eight é nde de 41 tons gc 
Capacity of tank 6 ga Ss 
Quantity of i ton 





TUBES, UNION PACIFIC RAILROAD; 


FIG. I.—METHOD OF SETTING BOILER 
he All scale must be removed from flue hole by small air drill with small « mery wheel on shaft of drill. 
2 il scale must be removed from end of flue. This can be done by h« Iding a square file on end of flue while being 
cut to length and flue revolving 
, Copper of proper thickness inserted and expanded in flue hole. Ldge of copper should be ¥; in, from face of 
flue shee : 
Flue inserted and pinned out 


4 ° 
6. Expanded with Prosser sectional expander. 


5. Rolled with roller expander. 
7. Beaded with standard beading tool 
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Fic 2.—-BOILER T E SI LANCASHIRE AND YORKSHIRE RAILWAY 

Causes of Leaks in Loco- 
motive Boiler Tubes. 

At the fortieth annual convention of the 
American Railway Master Mechanics’ 

Association a paper was presented by Mr. 
M. E. Wells on ** The Causes of Leaks in 
Locomotive Boiler Tubes,” an abstract of 
which will be of undoubted interest to 
° FIG ° BOILE! TUBE FIG. 4 BOIL R TUBE 
readers specially interested in this section. SETTING OF SOUTHERN SETTING OF NORTHERN 

The subject in hand falls into two broad RAILWAY OF FRANC! RAILWAY OF FRANCE. 
divisions, viz, leaks due to 
mechanical causes and those due pb-4 sii roa 
to temperature variations. Each : ste i ici 
of these may be sub-divided as SS Kees m 
under: 

I. Leaks due to Mechanical After 
Causes.— A. Defective work at “— 
time of first setting of tubes. 

B. Poor and hasty work in 
making repairs. C. Vibration of 
tubes in service. D. Wearing 

Before 
out of tube-ends by abrasive _._. | Drawing 
action of cinders. = 

Il. Leaks due to Variations in 
Temperature. A. Egual varia- 6316 
tions. B. Unequal variations. 

FI ILER TUBE END AND SAFE END. BAVARIAN STATE RAIL} Al 


(a.) Ingress of coolair. (b.) De- 
posits of scale. (c.) Varying 
water temperatures. 

To secure new information on the subject 
the author has sent out to the principal 
railways all over the world a list of questions 
bearing on leakage causes. Commenting 
on this letter Mr. Wells says : 

‘“*We made a mistake in saying, in the 
letters to foreign railways, that the question 
referred to iron and steel boiler tubes and 
tube-plates, as we use no other kind in 
the United States. On account of this a 
number replied that they could give us no 
information, since they use only copper for 
fire-boxes and tube-plates, and, in some 
cases copper and brass tubes.” 

Replies received trom Great Britain and 
Europe indicated that copper and brass 
tubes are in many cases being replaced 
with those of soft steel. In early cases the 
steel tubes were reinforced with copper 

















safe-ends at the fire-box tube-plate, but the 
use of these is being discontinued, and some 
foreign roads are setting the soft-steel tubes 
directly into the copper tube-plate. 

Some railways, realising that the causes 
of tube leakage are practically the same, 
whether the tube-plate be of copper or of 
steel, sent very full replies. The author 
states that these recorded causes from 
abroad were substantially identical with 
those reported by American roads. 

Taking up the causes as they occur in 
the foregoing outline, and in some cases 
suggesting remedies for the troubles: 

I. Leaks due to Mechanical Causes.—A. 
Defective work at time of first setting of 
tubes: This is treated as a very insignificant 
cause of leakage ; in the largest boilers, how- 
ever, * the most skilful job that it is possible 
for a skilled mechanic to do on the bottom 
D2 
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tubes in the fire-box will hold, at most, but 
a few days.” 

B. Poor and hasty work in making 
repairs: This is, says the author, a much 
more prolific source of trouble than any 
one of the other causes under this main 
heading. The remedy is, briefly, “take 
time to do it well.”’ 

C. Vibration of tubes in service: That 
tubes vibrate vertically is substantiated by 
a case found by the author of a 109 ft. tube 
set so close to the bottom of the shell that 
a rivet-head had worn a hole through the 
tube-wall. Such vibration is not regarded 
as serious in the way of loosening the very 
simple tube-settings in the smoke-box tube- 





plate. 

D. Wearing out of tube-ends by abrasive 
action of cinders: The Northern Railway 
of France iggested this cause; the Penn- 
sylvania Railroad reports the same or a 
imilar cond n, referred to as * burnt-off 
and cracked heads,”’ due to shallow fire- 
boxes. Further on in the paper the author 

regard to a kindred phase of this: 

‘I want to 1\ few words about the 

i that much of this trouble in line with 
the fire-door comes from overheating and 
off of the tube ends. In my 

there is much misconception on 

int Chis trouble is the direct result 

tantly changing and varving tem- 





peratures on the water side. 
ws it into classification II. ; 


and Mr. Wells cite a case to prove his 


II. J lue to Variations in Temperature. 

\. Equal variations: The negligible 
amount of damage done to boiler-tube 
joints , tube-ends fitted into a _ tube- 
plate—is shown to have been proved ex- 
perimentally, in a special test involving 
microscopical examination ofa joint alterna- 
tively heated to 450% F. and cooled, over a 


period of 60 days, twice every 24 hours, 
The conclusi is drawn from this that 
more than the uniform heating and cooling 
of a tube is required to loosen it in the 
plate rhis is shown in practice from the 
fact that the top tubes in a fire-box vive 
practically no trouble from leakage as com- 
pared with the bottom tubes, though the 
former are subjected to higher tempera- 
tures; proof of this is cited in tests made 
by the Chicago Great Western Railway. 

B. Unequal variations: This is declared 
to be the most important division of the 
subject in hand. Theauthor takes up, first, 
(a) * the apparent cause of all causes. It 
is always given, and has been talked about 
more than all other causes put together. 
The opinion regarding the importance of 











this cause is just as strong in Europe as it 
is in the United States.” On this point we 
may quote the author at length: 

*T refer tocoldair. The opinion regard- 
ing the direful effects of cold air in causing 
leaks in locomotive boilers is so universal 
and so strongly held that, were I not so sure 
of my own position on the subject, I should 
hesitate to undertake the task of trying to 
show that its effect is really not very potent 
to cool boiler tubes and cause leaks. 

In answer to one of the questions sent 
out for information, cold air, as a cause of 
leakage, is the most universal answer given. 
In the same list of questions I asked the 
following‘ With tubes and tube plates free 
of incrustation, can cold air entering the 
fire-box cool the metal any appreciable 
amount below the temperature of the water 
in the boiler?’ The majority of the answers 
to this question is ‘No’; and yet every one 
of the gentlemen so answering has given, in 
another part of his answers, cold air as a 
cause of tube leakage. I contess that I 
anticipated this when the questions were 
formulated. 

If cold air entering a fire-box cannot cool 
a tube or boiler-plate any appreciable 
amount below the temperature of the water 
on the other side, what serious effect can it 
have it 


1 producing unequal variations of 
temperature, which are the real causes of 
leaks? In arriving at this conclusion ] am 


fully cognisant of the fact that an incrusted 
tube or sheet may be slightly cooled, on 
account of the inability of the heat of the 
water to get through the scale to the tube 
or plate. But ordinarily, and with the 
ordinary scale formation, the cooling on 
account of cold air is practically harmless 
as a cause of leaks.” 

The matter (c) of leaks due to unequal 
temperature variations in the water space 
is briefly treated, and attention is called to 
the injudicious injection of feed-water as a 
prolific source of trouble. Tests made by 
the Chicago, Burlington & Quincy Railroad, 
in this direction, are reported in the 1g04 
Proceedings of the Association, pp. 231-241. 
Adequate education of drivers and firemen 
by the locomotive department, in the poten- 
tial troubles from this direction, is strongly 
recommended. The author also advocates, 
as supplementary betterment, adoption of 
new methods of feeding and the heating of 
feed-water. The London and _ South 
Western Railway is cited, which passes its 
feed-water tbrough the smoke-box for 
heating it; this road reports: ‘‘ We have 
little or no trouble with leaky tubes—not 
such as to require attention between 
trips.” 














Various National Practices in Tule 
Setting.—In connection with I-D—wearing 
out of tube ends by abrasive action of 
cinders, and kindred causes—a number of 
sketches are given in Mr. Wells’ paper 
showing the methods of tube setting 
reported by various countries. These will 
be of interest by way of comparison. 

I ig. 1 shows the process employe d in this 
country by the Union Pacific Railroad, 
practically the United States standard 
proce DD. 

Fig. 2 isa drawing sent by the Lancashire 
& Yorkshire Railway, showing the tube and 
ferrule at the fire-box end; the ferrules are 
welded, and of Swedish high-carbon steel 
those of solid-drawn weldless tubing having 
been found too soft. The ferrules are driven 
in with an ordinary shift. The fire-box tube 
plate is 1-in. copper, and the front tube 
plate Z-in. steel. This railway does not 
bead over the tube-end, while the North 
Eastern Railway of England does. 

Fig. 3 shows a tube-end as treated by the 
Southern Railway of France, which rolls and 
beads over the end and then puts in a 
ferrule. The sketch shows a ferrule with a 
head or collar. which is sometimes used 
when ferrules are replaced. 

The Northern Railway of France uses 
tubes of soft steel, 77 mm. (2°75 ins.) in 
diameter, swaged to 66 mm. (2°6 ins.) and 
rolled and be ad d into the copper plate, as 
shown in Fig. 4. The Royal Bavarian 
States R evden employs a copper safe-end 
on an iron tube (Fig. 5). It is merely rolled 
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and beaded in the fire-box, and only rolled 
in the front end. Attention is directe . ) 
the increased strength of the safe-end, 

the avoidance of shimming at the front 
end. 


Machine for ee Rails. 


The accompanying illu tion is that of 
a special machine mae 3 st drilling rails 
driven by electric motor, constructed b 
Messrs. Tangves, Ltd., of Birmingham. 
The machine has four spindles, two on 
each side, so that the holes can be drilled 
from either side; and it is provided with 
three speeds, so that holes var ving Irom 
in. to 1f in. diameter may be drilled. The 
machine hasa strong massive bed on which 
is bolted a cross alt le having a table 12 in. 
wide by 26 in. long, with a cross adjustment 
of 3ins. The table is provided with bolts 
carrying a plate having lock bolts for clamp- 
ing the rail to the table. On each side of 
the table is a saddle carried on the bed. on 
which the saddle is free to slide along. Each 
saddle has two uprig hts on its face, these 
being carried on a slide having a large steel 
spindle running in hard gun-metal bearings 
Each spindle has a hele bored through, and 
is provided with a special thrust arrangé 
ment and provision for setting the drill. 
Each spindle head has a vertical adjustment, 
— each upright can be moved in or out 
de pende tly of each other, so as to allow 
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PARIS*eORLEANS RAILWAY 


TACIFIC"’ TYPE LOCOMOTIVE 


i 2) 











holes of 14 in. maximum and 7 in. minimum 
centres to be drilled. 

The spindles are provided with a cone 
arrangement for holding the drills so that 
the latter can be taken from the back of the 
spindle, or in case of short drills, the saddle 
can be run back, and the drills taken out 
from the front. Each saddle has a self- 
acting feed motion, and stop motion is 
provided by means of a drop-out worm 
worked from a hand lever and rod cot 
nected to the right-hand saddle. One set of 
headstocks may be worked at a time if s« 
desired, and the two sets are arranged so 
that they can be adjusted togethe 

Provision for elongating the holes is made 
by means of the lever shown in front of the 
table. The bed is made into a trough, and 
a pump for supplying lubricant to the work 
is provided. All the gearing is machine cut 
from the solid. 


— 


4-6-2 * Pacific’’ Type Loco- 
motive—Paris-Orleans 
Railway. 

The latest Continental development in 
locomotive practice is the adoption, by the 
Paris-Orleans Railway, of the ‘ Pacific” 
or 4-6-2 type of engine, twenty of which 
are now being constructed for that com- 
pany by the Société Alsacienne de Con- 
structions Mecaniques, Belfort. 

The placing in service of this type of 

engine marks an important advance in that 
this is the first appearance of their kind 
on a Continental railway. As will be 
realised by a study of the dimensions, 
these locomotives are of great power and 
have already demonstrated their ability to 
haul the heaviest expresses of the Paris- 
Orleans line up long and trying gradients j 
at a speed approximating to forty miles per 
hour. The increased capacity of this type 
is due to the adoption of a wide firebox, 
with a grate area of 46sq. ft.; a large heat- 
ing surface proportional to the grate area 
aggregating 3,040 sq. ft., and an increase in 
the adhesive weight rendered possible by 
the six-coupled wheel arrangement. As in 
the case of the * Atlantic’ (4-4-2) type the 
possibility of using the wide firebox con- 
stitutes the principal advantage possessed 
by the “ Pacific” type of locomotive over 
those of the 4-4-0 and 4-6-0 class in which 
firebox dimensions are restricted by the 
rear coupled axle. 

The new engines are compounded on the 
“De Glehn” system, in which the low- 
pressure cylinders are placed inside and 

















drive the leading pair of coupled wheels, 
while the high-pressure cylinders are out- 
side and drive the middle pair. 

Piston valves with internal admission 
passages distribute steam to the high-pres- 
sure cylinders, tne valve gear following the 
usual arrangement. Other points to be 
noted are that the bogie is braked and that 
the ** Westinghouse ’’ high-speed brake has 





SIX-COUPLED GOODS ENGINE 
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been fitted. The following are the leading 
dimensions :— 








Diameter of cylinders, h.p. ... 154 in. 
Piston stroke 26 in 
Coupled wheels, diameter 5 ft in 
Bogie wheels, diameter ft. 3 in 
Trailing wheels, diameter ft. 2 
Boiler, diameter : 4 


Working pressure 227 |b. per 
Tubes, number 261 
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Heating surface, tube 2,612 sq. ft. 
on - fire-box 167 sq. ft 
Total 2,779 sq. ft. 
Water-exposed surface ,040 sq. ft. 
Grate area 46 sq. ft. 
Engine, weight (empty $2 tons 
(working order) yo tons 10 cwt 
(available for adhe 
tons 
Engine, length 44 ft 
maximut S it It 





Converted Goods Locomo- 
motive : Great Western 
Railway. 

An interesting conversion of a 0-6-0 
type goods locomotive to a 2-6-2 type 
tank engine has recently been carried 
out at the Swindon shops of the Great 
Western Railway, the engine in its original 
state, and as it appears when rebuilt, 
being shown in the accompanying half-tone 
illustrations. The object of the conversion 
is not far to seek. The increasing length 
and weight of goods trains called for a more 
powerful design of locomotive than that 
represented by the o-6-0 type and led 
to the introduction of the “ Mogul,” or 
2-6-0 type, and the ** Consolidation”’ or 2-8-0 
type, leaving the Company in_ possession 
of a number of the older pattern locomo- 
tives still in first-class working condition. 
As will be seen from the illustration, they 














possess the general characteristics of the 
six-coupled goods type, viz., inside cylinders 
driving on to the cranked axle of the middle 
pair of wheels; ‘“ Stephenson” valve gear 
and cylindrical boiler of the ordinary 
pattern with round-topped fire-box. Within 
the limits of their power the type is useful 
enough, and as rebuilt in tank form will 
prove a useful addition to the Company’s 
stock of suburban and local passenge1 
engines, to say nothing of their utility as 
short-distance goods engines. As will be 
seen, the old boiler has been replaced by 
one of the coned tvpe. ntte d with a * Bel- 
paire”’ fire-box, while the frames have been 
lengthened to accommodate a coal bunker 
and pony trucks. Side tanks have als 
been added for the water supply. These, 
it will be noted, extend well forward to the 
smoke box, facilities for reaching the motion 
being afforded by suitable openings. Thx 
following are the leading particulars of th 
engine before and after rebuilding :— 





Original Engine As rebuilt 
7in. 174 in. 
24 1n 24 In. 
r5in. | fin. 16in. by 1} in 
15 in. by 4 in. 16in. by 22in. 
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Apparatus for Recording 
Uneven Tyre Wear. 

An interesting investigation has recently 
been carried out on the Colorado and 
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DIAGRAMS TAKEN WITH THE ABOVE APPARATUS SHOWING 


THE EFFECT OF TWO FORMS OF COUNTER-WEIGHTS. 














Southern Railway in connection with uneven 
tyre wear on locomotive driving wheels. A 
recording apparatus was employed of the 
form shown inthe accompanying illustration 
by means of which a line corresponding to 
the contour of the tyres is transferred to a 
strip of paper, the line varying from a datum 
line by an amount corresponding to the 
variation of the tyre froma true circle. A 
flat, for example would be indicated by the 
approach of the contour line to the datum 
line. 

The apparatus is held in position adjacent 
to the periphery of the driving wheel with 
the outside edge of which a disc connected 
with the paper winding spool isin frictional 
contact thus causing the paper to travel 
over the table. On the latter the record is 
made by pencils clamped in sliding bars. 
Another roller bears against the tvre face 
of the driving wheel and operates the sliding 
bars holding the pencils. The amplitude 
of the vibrations of the bars naturally varies 
with the inequalitiesin the tyre. One ofthe 
sliding bars is toothed and meshes with a 
pivoted segmental wheel arranged in a 
manner such that the small vibratory move 
ments of the first sliding bar will magnify 
those of a second which also carries a pencil. 
Two records are therefore obtained in one 
of which the curve corresponding to the tyre 
inequalities is greater than the other and is 
recorded in direction vertically opposite. 
According to the Scientific Ameri 


m these 
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diagrams show that the tyre wear is greatest 
in the neighbourhood of the greatest weight 
in the wheel. Thus, ifthe crank-pin and 
balance weight were of unequal weight the 
wear would be greater adjacent to the crank- 
pin, and vice versa. Whenever excessive 
wear was_ recorded the wheels were 
reweighted and balanced, and the disparity 
of weights corrected. In one case a high- 
speed passenger engine was found to be 230 
lbs. too light in the counter-balance, and 
several from 50 Ibs. to 150 lbs; this 
unbalanced weight being carried along at 
from 8o to 100 feet per s¢ cond, was expec ted 
to run smoothly 

One class of engines was found which pro- 
duced practically parallellines onthe records, 
and they were balanced by the * Davis” 
method of using two counter-weights to each 
driving wheel the weights placed 120 degrees 
apart, and forming, with the craak-pin 
centre, an equilateral triangle. 

The upper of the two diagrams shows a 
more even movement than the lower one. 
The upper diagram represents the affect 
of balancing the counter-weights by the 
** Davis ” method, which showsa fairly even 
line throughout. The lower diagram shows 
the common method of arranging the 
counter-weight opposite the crank, and it 
will be seen the depression in the record line 
is very marked opposite the crank-pin. The 
position of the counter-weights is shown in 
the small circles at the end of each diagram. 


ELECTRICAL NOTES. 


By ANDREW STEN 


{R77 AMEE 


——»————— 


The Use of Exhaust Steam 
Turbines. 

We have several times given details 
of exhaust steam turbine installations, 
and of the economies resulting from 
their use. The system is being pushed 
among colliery and steelworks engineers 
by the Waste Heat and Power Co. of 
Newcastle-on-Tyne, and the results have 
been very encouraging. This firm have 
recently placed an order with Messrs. 


Willans and Robinson for two turbo 
generators to give 1,350 k.w. each, when 
running at a speed of 2,400 revs. pet 
min. These turbines, which will be 
installed at Sir B. Samuelson & Co.’s 
works, near Middlesbrough, use the 
exhaust steam from the blowing engines 
at 2 to 3 lbs. per sq. in. above the atmos- 
pheric pressure, and exhaust to conden- 
sers of special design giving a vacuum of 
29 ins. 









These are the largest exhaust steam 
turbines which have been constructed 
in this country, and the unique feature 
of the installation is that all the steam 
exhausted from the blowing engines will 
be condensed, whether used by the tur- 
bines or not. This involves a special 
arrangement of bye passes. 

\ similar, but smaller plant, of 500 
k.w. is being built for a Staffordshire 
ironworks, while two sets of 1,000 k.w. 
each are being built for the Oakdale 
Colliery the Tredegar Iron Works, 


South Wales, but in this case some 


important modifications have been intro- 
duced. The turbines will work with 
exhaust steam from the winding engines 
during the day. \t night, when the 


winding plant is not in frequent opera- 
tion, the turbines will work with “live” 
steam direct from the boilers. Hitherto 
when it was necessary to operate these 
exhaust steam turbines with live steam, 
a reducing valve was introduced bet ween 
the boilers and the turbine, but by the 
use of special valves, and a modification 
in design, Messrs. Willans and Robinson 
have made the turbine very easily 
adapted to the dual service, thus marking 
one of the most important improvements 
in this class of work since the exhaust 
steam turbine was introduced. 


—— 


Breakdowns and Accidents 
with Electrical Machinery 
and Apparatus. 

The reliability and safety of the 
service rendered by the electrical equip- 
ment is of very great importance to the 
works owner. Interruptions in the 
service often cost a very considerable 
amount in indirect expenses for, apart 
from the direct cost of the repair, there 
is the stoppage of a considerable amount 
of productive machinery; when accidents 


occur, such as shocks more or less severe, 
there is the disinclination of the workman 
to come to close quarters with electric- 
ally operated apparatus, and this factor 
often leads to the failure of such 
appliances when success might be 
achieved. 
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It is gratifying to learn from the last 
annual report of the British Engine, 
Boiler and Electrical Insurance Co. that 
breakdowns of electrical machinery are 
becoming less frequent, while ow 
esteemed contemporary, The Electrical 
Review, provides some data on fatal 
electric shocks during the last two years, 
which are instructive, inasmuch as they 
indicate in what direction trouble is 
likely to be expected with an electrical 
installation. 

Dealing first with the insurance 
company’s report, it appears that a 
breakdown occurred with one in every 
8-2 motors insured. As in previous 
years, armatures and rotors (the rotating 
part of an alternating current motor) 
account for about half of all the break 
downs, while the commutator and brush 
gear provide nearly a quarter of the 
trouble, leaving about 25 per cent. of all 
troubles to mist ellaneous occurrences, 
and failure of the field coils, or stators 
of induction motors; the two latte: 
account for 11 per cent. of the dynamo, 
and 14 per cent. of the motor failures. 

It is worthy of note that the rate of 
breakdown was twice as high with direct 
current machinery as with alternating, 
but the cost of repair in the case of 
direct current machines was only half. 
This is due to the fact that when an 
alternate current motor breaks. down, 
the destruction of the windings is gener- 
ally much more complete than with a 
direct current machine ; moreover, there 
are fewer small details likely to give 
trouble inanalternating current machine. 
These same details contribute a not 
inconsiderable number of accidents to 
the total for the direct current motor. 

Neglect in one form or another is a > 
fruitful source of breakdown, and ‘dirty 
motors seem as liable to more or less 
serious breakdown as dirty people. A 
deposit of carbon dust and oil on the 
windings makes breakdown in the early 
future an absolute certainty. 

The data available ve fatal accidents 
from shock in connection with electrical 
installations is no less interesting. It 
appears that thirty-seven fatal accidents 
have occurred in two years, fourteen of 

















the victims being electricians or electrical 
engineers in the exercise of their duties, 
and twenty-two were workmen in other 
industries who accidentally, or when 
trespassing, received a shock. 

Most of the electrical men died from 
high pressure shocks, viz., 1,000 to 11,000 
volts, though in one case, that of a lamp 
trimmer at the Patent Shaft and Axle 
tree Works, Wednesbury, a youth, aged 
eighteen, appears to have been killed by 
a2 0-volt shoc k. It is most unusual 
for such shocks to prove fatal, and when 
this is the case, other troubles such as 
low general health, or heart trouble 1 
found to have been an important factor 
in the result. 


The twenty-one workmen who were 
not directly connected with the electrical 
industry were in a number of cases 


employed in mines and had accidentally 
touched a live wire, or fitting, or had 
come in contact with steel structural 
work or haulage rope which had accident 
ally become alive : these ac ounted IO! 
almost half of the deaths of workmen 
who were not electricians. Most of 
these fatalities were with currents of 
500 volts or over, but a blacksmith at 
Acklam Iron Works, Middlesbrough, 
was killed when handling an iron plate 
which had come into contact with a 
wire at a pressure of 250 volts, while a 
workman in an engineer’s shop in 
Sheffield was also killed with a shock 
from a low pressure circuit, the result 
of a practical joke by his fellow work 
men, who connected the lighting circuit 
to a door handle which deceased 
attempted to turn. In this case the 
victim was in bad health, but a butcher 
aged twenty-one in good health was 
killed through touching a defective fan 
switch. It appears, however, that he 
was working in a pork-pickling cellar, 
and his clothes and boots were saturated 
with brine, so that although the pressure 
was low, only 200 volts, the conditions 
were very favourable to the passage of 
a considerable amount of current. 

It must not be forgotten that when 
conditions are favourable, low pressures 
may prove fatal, even if the victim is in 


good health, for it is the amount of 
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current which passes through the 
system which causes serious or fatal 
results. Ordinarily a very high pressure 
Is necessary to force sufhcient current 
through the human body to cause suspen- 
sion of the natural functions of the vital 
organs, but if the boots or clothes are 
wet, or the victim is sweating, the con 
tact resistance of the body is so reduced 
that a good deal of current may pass 
sven at 200 volts. Many electrical men 
appreciate the difference in the violence 
yf the shocks which they receive when 
their hands are moist with sweat, and 
when their handsare quite dry. People 
with soft hands suffer severely from 
pressures which more horny handed 
sons of toil scarcely feel. 

\s an example of this, t 
remembers a number of experiments to 


} rethad 
ne Write! 


ascertain the absolute immunity of many 
animals from electric shock. These 
experiments were suggested by the fact 
that a cat used to sit purring on th 
5,000 volt terminals of a transformer, 
the transformer being the only warm 
place in the sub-station. <A white mouse 
was the chosen victim, and it ran across 
two plates having a difference of poten- 
tial of 5,000 volts apparently without 
inconvenience. After it had been dipped 
in water it was again allowed to run 
over the plates, but nothing remained 
but a few charred bones. It is clear, 
therefore, that a dangerous or fatal 
pressure is difficult to define. Much 
depends on circumstances, and while 
pressures of 200 to 400 volts are seldom 
fatal to human beings, one need not 
assume that they are perfectly safe. 


—_~»--—— 


Recent Developments in 
Swedish State Railway 
Electrification. 

About eighteen months ago we devoted 
a good deal of space toa description ol 
the plant made in England and abroad 
for the experimental work in connection 
with the above. Little further has 
appeared in the English press, but we 
learn from German sources that very 
considerable progress is being made with 
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the electrification scheme for the entire 
State railways in southern Sweden, 
which extend to 1,300 miles. The 
Government have recently purchased 
three waterfalls, one giving 9,000, another 
12,000, and the third 36,000 h.p., a total 
of 57,000 h.p. Five hydro-electric 
power stations are proposed, but three 
only have been acquired. To cope 
with the estimated traffic in 1920, two 
additional stations are proposed, but as 
all the available water power plants have 
been acquired, it is proposed to put 
down steam stations, using peat as fuel. 

The estimated cost of this scheme, 
based on the present traffic, is for 
the generating plant, £1,200,000; for 
transmission lines and_ sub-stations, 
{ 000; a total of £ 3,000,000, exclu- 
sive of rolling stock. t is estimated 
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that by 1920 the traffic will be about 
60 per cent. greater than it now is, and 
to cope with this the capitalisation of 
the power stations will be increased to 
£1,400,000, and the line and sub-stations 
£2,400 000, a total of £ 3,86 0,000, The 


estimated saving on the present traffic 
expenses is £2,000 per annum, but by 
1920 the saving due to electric traction 
is estimated at £74,000 per annum. 

The electrical energy will be trans- 
mitted at a pressure of 50,000 volts to 
37 sub-stations, where it will be reduced 
to 15,000 volts, which, as we have 
already indicated when describing the 
experimental plant, is the trolley wire 
pressure. All the newtrains are heated 
electrically, this method having proved 
more economical owing to the low cost 
of electrical energy. 


IRON, STEEL, AND THE FOUNDRY. 


Conducted by PERCY LONGMUIR, 


a 


The Modern American Blast Fur- 
nace. In this article, the first of a 
series, Professor Bradley Stoughton 
describes in or neral terms the equlp- 
ment of the American Blast Furnace. 
In modern plants chief attention is paid 
to devices for handling material and 
charging the furnace with the object of 
saving time; ensuring continuous work- 
ing at full capacity, and of eliminating 
manual labour as far as possible. Be- 
hind the blast furnace are situated two 
long rows of storage bins, one of which 
is shown in elevation in Fig. 1. These 
bins are filled by bottom dumping cars 
which bring the ore to the furnaces; 


4 


similar methods of storage are also 
adopted for limestone and fuel. Between 





and under the two rows of bins runs a 
track on which buggies are transferred 
back and forth, being first filled with a 
weighed amount of ore, limestone o1 
fuel, and then switched into a position 
where they can deposit their contents 
into the loading skip of the blast furnace. 
Charging is effected entirely by mechan 
ism operated and controlled from the 
floor level, as in Fig. 1. <A double 
inclined skipway extends above the top 
of the furnace, one skip discharges into 
the hopper, whilst the second skip is at 
the bottom of the incline ready to be 
loaded with its charge. The uppet 
hopper of the furnace is closed at the 
bottom by an iron “ bell,” which is 
pressed up against the bottom of the 
hopper by a counterweight, but may be 
lowered by operating the cylinder, 
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shown at the side, to allow the charge 
to fall into the true hopper of the fur- 
nace. In this way the true hopper is 
progressively filled with ore, flux and 
fuel. This hopper is also closed by 
means of a bell actuated from the floor 
level. At intervals the bell is lowered 
and the contents of the hopper allowed 
to fall in an annular stream on top of 
the material already in the furnace. 
The double bell permits of charging 
without the escape of gas. 

Professor Stoughton then passes on 
to a description of the furnace and 
accessories, the chief features of which 
are, however, clearly shown in _ the 
illustration Fig. 1. Waste gases are 
led through the downcomer, passed 
through a dust catcher, and then on 
to the hot blast stoves or the power 
producer. If burned under boilers the 
available gas will generate enough 
power to operate the blowing en- 
gines, hoisting mechanism, and other 
machinery used in connection with the 
furnace. At several plants the gas 
available for power is cleaned and 
utilised in gas engines, whereby much 
more power is obtained, the excess over 
that necessary to furnish blast and the 
mechanical requirements of the furnace 
being usually converted into electricity 
and transmitted to more distant points. 


The Chemistry of the Blast Fur- 
nace. In the second article Professor 


Stoughton deals at some length with 

the reactions of the blast furnace. On 

charging the ore two reactions begin to 

take place between it and the ascending 

gases : 

(1) 2 Fe. O; + 8 Co=7 Co2.+ 4 Fe + C. 

(2) 2 Fe O, + Co=2FeO0 + FaO 
+ Cos. 

The carbon formed by reaction (1) is 

deposited in a form similar to lamp 

black, but this reaction is in turn 

opposed by two reactions with carbon 

dioxide gas 

(3) Fe + Co, = Fe O + Co. 

(4) C + Co. = 2 Ca, 

Reaction (3) begins at about 575° F., 

and (4) begins at a temperature of about 
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1,000° F., or about 20 ft. below the 
stock line. Reaction (4) is so rapid 
that the deposition of carbon ceases at 
a temperature of 1,100° F.  Prac- 
tically all the iron is reduced toa spongy 
metallic form by the time a temperature 
of 1,475° F. is reached. This is about 
45 ft. from the stock line and less than 
30 ft. above the tuyeres. At 1,475° F., 
the decomposition of the limestone com- 
mences, and only Ca O reaches the smelt- 
ing zone. On reaching the smelting zone 
the iron melts and trickles through the 
column of coke from which it completes 
its saturation with carbon. At a corre- 
sponding point the lime unites with the 
coke ash, and the impurities in the iron 
ore forming a fusible slag which also 
trickles down and collects in the hearth. 
During this transit different impurities 
are reduced by carbon, and the extent 
of this reduction determines the charac- 
teristics of the pig iron, for reduced 
elements are dissolved by the metal, 
while those in the oxidised form are dis- 
solved by the slag. Only one exception 
occurs, namely, that iron will dissolve 
its own sulphide, and to a less extent 
that of manganese, but not that of other 
metals, as, for instance, Ca S. 

There is always a large amount of 
silica present in the coke ash and some 
of this is reduced as follows :- 

S10, + 2C = St + 2 Co. 

The extent of this reduction will depend 
on the length of time the iron takes in 
passing through the smelting zone, the 
relative intensity of the reducing influ- 
ence and the avidity with which the 
slag takes up silica. <A higher tempera- 
ture in the smelting zone, which 
increases disproportionately the avidity 
of carbon for oxygen, will promote the 
reduction of silica. Higher temperatures 
may be produced by supplying hotter 
blast or by means of a larger proportion 
of coke to burden. A basic slag, because 
of its avidity for silica, will oppose the 
reduction of silica and is one of the 
chief means of making low silicon pig 
iron, 

Sulphur enters the furnace chiefly 
through the coke, in which it may be 
present as iron monosulphide, Fe S, or 








as iron pyrites, Fe S,. Pyrites loses one 
atom of sulphur near the top of the 
furnace and becomes Fe S, in which 
form it will dissolve in the iron unless 
converted to sulphide of calcium, Ca S, 
which passes into the slag. The intense 
reduction, which increases the silicon in 
the iron, has the contrary effect on the 
sulphur, and this explains the common 
observation that iron high in silicon is 
liable to be low in sulphur. 

Manganese is reduced as follows: 

MuO, + 2C = Mun + 2 Co. 
The amount of manganese in the iron 
depends to some extent on the character 
of the ores charged, but it may be con- 
trolled somewhat by the character of 
the slag, because an acid slag will carry 
a large amount of manganese away in 
the form of silicate of manganese. 

With a certain unimportant qualifica- 
tion, the amount of phosphorus in the iron 
is controlled by the character of the ores 
used and districts having high phos- 
phoric ores must make high phosphorus 
1rons. 


The Operation of the’ Blast 
Furnace.*—In the third article Pro- 
fessor Stoughton deals to some extent 
with the actual working of a_ blast 
furnace. At the outset, in discussing 
Gayley’s invention of desiccated blast, it 
is shown that the good results are due 
to greater regularity in working in addi- 
tion to the saving effected in fuel. In 
this respect the fuel economies are so 
great that the results when first published 
were received with scepticism. How- 
ever, J. E. Johnson has explained this 
saving by showing that every blast 
furnace has a certain “critical tempera- 
ture” below which it will not perform 
any smelting, and that the theoretical 
temperature of combustion of the smelt- 
ing zone is only a little above this 
critical temperature. To increase the 
interval between the two _ therefore 
greatly increases the “available heat ”’ 
though the change in nominal tempera- 
ture be small. 

After discussing the disposal of slag 
and iron the writer passes on to a con- 
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sideration of irregularities in working. 
The blast furnace is by no means a 
perfect machine, and difficulties arise in 
working the furnace and in maintaining 
a uniform grade of product. Localised 
chilling of the semi-molten product is 
responsible for many of these difficulties. 
This is most liable to happen in the 
upper part of the smelting zone, where 
a lump of pasty material may attach 
itself to the walls of the furnace. This 
has the effect of retarding the descent of 
the charge and of deflecting the hot 
gases to other parts of the furnace. 
When the furnace is working badly, 
these scaffolds may occur at two or 
more places at the same time and 
cantilever out towards the middle. This 
will cause the charge to “hang” and 
may become so bad as to cause a 
complete arch over the smelting zone, 
through which it is impossible to drive 
the blast. Scaffolds may be broken 
down by suddenly cutting off the blast 
pressure and allowing the full weight of 
the charge to come upon the obstruction, 
in other cases it may be necessary to cut 
a hole through the wall of the furnace 
and melt down the obstruction with an 
oil or gas blow pipe. Scaffolding and 
hanging are more liable to happen when 
the charges consist largely of earthy 
Mesabi ores and in this type of practice 
localised hanging and slips are not 
infrequent. \hen the slip is extensive 
and a large amount of material is 
suddenly precipitated into the hearth, 
the upward rush of gases resembles an 
explosion inside the furnace and may 
damage the charging apparatus or throw 
part of the stock out of the top of the 
furnace. Some furnaces are fitted with 
explosion doors which fly open under 
pressure and relieve the strain whilst the 
practice in other instances is to fasten 
everything down as tight as possible and 
prevent the rapid escape of the gases. 
The bad work of a furnace is often 
cumulative in its effect, because irregu- 
larities in the smelting zone have an 
effect upon the top gases, which in turn 
derange the work of the stoves and 
hence the hot blast. Irregularities in 
smelting have a disturbing effect on the 
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grade of iron made and the changes 
sometimes come suddenly and without 
warning. For instance a sudden pre- 
cipitation of cold material into the hearth 
will chill the smelting zone and cause 
the silicon in the iron to be low and the 
sulphur to be high. A similar effect 
will be produced by the leakage of 
several gallons of water into the hearth 
through the burning out of a tuyere or 
the cooling ring of one of the tuyeres. 


Charginga Modern Blast Furnace.” 
-In this the fourth article Professor 





Stoughton gives methods of calculating 
blast furnace charges and incidentally 
touches on the dimensions of furnaces, 
noting that the size of a modern furnace 
is limited by the nditions of its work. 
Tl é tv 1 be more than 15 ft 
in di € ¢ last will not be dis 
tril ¢ Vy to the centre The batter 
of the bosh walls cannot be much more 
nor less than a certain amount, because 
they must give support to the charge 
above and yet allow the solid coke to 
slip dow1 Che height of bosh is limited 
because its top must be practically the 
same as the top of the smelting zone, 
that is no solid material except coke 


These 
conditions limit the diameter of the top 
of the bosh to not much more than 22 ft. 
From the bosh the stack walls must 


should descend into the bosh. 








decrease in diameter upwards in order 
that the descending charge, which swells 
owing to the reactions taking place, shall 
n become wedged in the Sstac k. 
The throat must have a sufficiently large 
diameter to allow of proper charging and 


th ts the height of the stack. 


Modern furnaces are therefore usually 
built about 90 ft. in height and an 
increase above that limit has resulted in 
some cases in a decrease rather than an 
increase of fuel economy. 


The ‘“Gayley” Dry Blast. An 
excellent record was madeat the Isabella 
furnaces of the Carnegie Steel Company 
with the ‘* Gayley ” dry blast in May. A 
comparison of the work of No. 1 furnace. 
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working with desiccated air,and of No. 2 
furnace blown with natural air, both using 
the same materials, shows the following 
results :— 
Coke 
Daily Product. Consumption. 
2,029 lbs. 


2,372 lbs 


No. 1, dry air 
No, 2, natural air 


459 tons 
351 tons 


This shows the average product to be 
greater per day by 108 tons or 30°7 per 
cent. with the dry air blast than with 
natural air and the fuel consumption to 
be 343 lbs. per ton, 14°4 per cent. lower. 
The good results obtained with the 
furnace blown with dry air have been 
achieved in spite of its bad condition, it 
being in need of relining, having now 
produced nearly 612,000 tons of pig iron 


on one linins 


Training Apprentices in Foundry 
work.t—-Of the many perplexing 
problems confronting American foundry- 
men none has proved more difficult of 
mn than the training of apprentices. 
The demand for skilled moulders in 


recent years has been greater than the 


soluti 


supply and few if any of the trade schools 
have thus far produced mechanics of 
sufficient ability to command journey- 
men’s wages. <A system of training 
followed in the foundry of the Ingersoll- 
Rand Company at Phillipsburg, New 
Je rsey, is stated to have pre duced excel- 
lent results. The foundry equipped with 
four cupolas has an average daily out- 
put of 100 tons of intricate castings, dry 
sand work predominating. ‘The cores of 
practically all of the sections are com- 
plicated yet the losses are considerably 
below normal. This is the more sur- 
prising in view of the fact that many of 
the moulders are still in their “ teens.” 
The boys commence first in the core 
room, the tutor being a boy of not less 
than three months’ service and the first 
duties being comparatively light. The 
pair work together for three months 
when the one most advanced progresses 
to the side of another who has probably 
worked for nine months, and the three 
months apprentice is charged with the 
duty of leading another through his first 
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steps. This procedure is followed 
until the end of the first year, when the 
boy passes from the core department and 
his payment is increased from $1°00 to 
$1°'25 per day. Before passing on to the 
moulding floor three weeks are spent on 
the cupolas,and as a resultevery moulder 
has some knowledge of cupola work. 
When first put on the moulding floor the 
boy is made assistant to another slightly 
more advanced. The mode of progres- 
sion followed in the core room applies t 
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the moulding floors, and with the third year 
the daily wages are increased to $1°75. 
At this period many of the boys have 
the equipment of the average moulder 
and are permitted to make those sections 
for which they are most fitted. During 
the fourth year many of the apprentices 
are paid the same wages as the skilled 
mechanics, as the question of stipend is 
governed alone by their ability. Under 
this system the company have trained 
practically all their own moulders. 


The Engineering Exhibition at Olympia. 


HE Second International Engineer 
ing and Machinery Exhibition held 
at Olympia. was opened on _ the 
19th ult.. by Sir Alexander Ken 
nedy, LL.D.,{F.R.S., under cir- 

cumstances which pointed to a successful 
culmination of the efforts of the advisory 
committee and the organising managers, 
Messrs. Smith & Bridges, with whom Tut 
ENGINEERING Review has been in active 
co-operation in their specially appointed 
official capacity, and to whose efforts th 
improved representative character of the 
show is large ly due. 

After a week’srun there is every indication 
of the financial success of the show, as, 
although visitors have not been too numer 
ous, the majority of them have been up for 
business, and the re ports of exhibitors show 
that orders are being placed and inquiries 
are promising. 

Some firms are exhibiting with a collec- 
tion of machinery representing between 
2.600 and 3,000 tons of a value roughly 
about £100,000. This is an improvement 
on the figures of last year’s exhibition. in 
addition to which the present is certainly 
a more generally representative show. 
Machine tools, however, as before, form the 
characteristic feature, the collection form- 
ing one of the finest that has ever been 
gathered together under one roof. Not 
that anything strikingly new is discoverable 
in this section, the line of development 
appearing rather to be in the direction of 
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extending and improving existing designs. 
The show of steam engines is cert 
poor; moreover, not one ¢ xample is shown 
running. The absence of a steam turbines 
is certainly a conspicuous fact, as is als 
the paucity of electrical exhibits. It is 
quite possible, though, that the probability 
of a wholly electrical exhibition in the Man 
chester district being held next year ma\ 
account for the latter. Of steam fittings 
and accessories, friction reducing materials 
and appliances, there is an abundance ; and 
the wood-working and gas engine depart- 
ments may be said to be well represented. 
Air compressors and pneumatic tools, too, 
are well in evidence, a sign doubtless of the 
increasing popularity of these appliances 
From the point of view of novelty, there 
are several exhibits which attract mucl 
attention, chief among which is perhaps the 
‘** Pittler ” universal rotary machine. Many 
have been the attempts to solve the problen 
of the rotary engine, with what success ou 
readers are only too well aware. Neverthe- 
less, this has not hindered Herr Pittler, of 
universal lathe fame, from attempting 
solution, with the result that he has pro- 
duced a machine which it is claimed works 
equally well and efficiently as a steam 
engine, hydraulic pump, motor, air com- 
pressor, air motor, vacuum pump. The 
machine is shown running in various appli- 
cations, among which may be mentioned a 
hydraulic transmission for motorcars. We 
hall deal in detail with the machine in our 
E 
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Olympia Number. Another novelty is to 
be seen on the stand of Messrs. Bullivant & 
Co., Ltd., in the shape of a working model 
of a mono-railway. The car, which runs on 
a steel wire rope, is constructed of two 
wheels connected by pivots to the extremi- 
ties of a central light frame-work. The 
latter is formed of the levers that operate 
the brake. The load is carried under four 
arms suspended by steel wire ropes from 
in upright arm whose base is the brake 
block itself; therefore the pressure of the 
brake is always in proportion to the weight 
of the load that is to be carried. 

Another clever invention is the “ Barlow” 
lift gear for lifts working between two floors 
only, of which a model is shown. No over- 
running is possible, and only a minimum of 
power is required at the beginning of the 
Broadly, the invention consists 
of a crank driven by a motor through a 
connecting rod operating a multiplying 
ich a way that each complete 
traverse of the latter, and therefore of the 
cage, is effected by a simple harmonic 
motion which produces slow stopping and 
starting independently of the rate at which 
the motor is running. The ‘* Smith” 
slotting machine is alsoshown. It operates 
on a new principle, an account of which was 
given in our last issue. Mention may also 
be made of the ** Margewood” lock and an 
automatic cashier which automatically 
delivers any required amount from one 
penny up to five pounds. A clever and 
I variable delivery 3-throw pump 
it the stand of Messrs. Thwaites Bros., is 
worth examination. It is so arranged that 
its delivery can be varied from nothing to 
full duty whilst running without alteration 
to the length of stroke or efficiency, a 
result obtained by controlling the suction 
valves. An entirely new method of apply- 
i or grease to tub axles is shown by 
the Falcon Iron Works, Ltd., and a new 
departure in tool-hardening furnaces forms 
h f feature at the stand of the British 
sas Furnace & Tool Co., Ltd. 

The following is a list of exhibitors: 
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As before stated, the characteristic feat 
of the exhibition is the machine tool 
which there is a collection of 
. ] ; } 9 ] 
cellence, including numerous example 


America and Germany. 











: 

: In the following preliminary Lc¢ int. by! 
mention will be made of the more imp 
exhibits, reserving full illustrated de 
tions of the models embodying ne teat 
until the next issue. 

Me \lfred Herbert, Lt ( t 
how a verv complete collecti tool 
ictual pel ition The ] 
workinanlike Dut light st f mn} 
of steel girders, the lin tt being p 
centrally and driven b h.p 
carried on top of the stand he n 
ire arranged in two rows, down ¢ 
f th tand, and are driven f ) 
unter itt 

The « prise t 
turret lathe th | ent ¢ i 1d 
le lin wit { 4 cr \ 
lanl Other lat clude No. ¢ 
No. } Capstan typ the latter represent 
the maliest e tor ( Ick WO! md 
shown in operation machining ial] 
mutator bushes. A No. 2 hexagon turre 
lathe is shown producing bolts ft 
teel bar. Other tools are a No. 2 ft 
automat crew machine, a heavy ertica 
milling and profiling machine, a No. 1 verti 
cal miller, and tw horizontal mi c 
machines with patent dial feed motiotr A 
** Newall’ universal grinding machine ha 

: a large number of valuable features, amor 


which the speed of the work can_ be 
\nother interesting machine 1 


change d. 


i worm wheel generator, which is shown in 


operation generating worm wheels by meat 


of fly cutters, and is capable of generatir 
| 


worm wheels of very quick lead. A g in. 


centre heavy reduction lathe,a gear hobbit 


machine, and a 6 in. cold saw of particu- 


larly neat design complete this exhibit 
Messrs. Butler & Co., Halifax, exhibit 


48 in. vertical boring and turning machine, 


a 1o in. stroke slotting machine, a planet 


high-speed drilling machine, and a portable 


drill. 
Messrs. John Holroyd & Co., Ltd., Roch- 


dale, show a No. 24 screw milling machine 
for cutting worms and all kinds of square 








which may be mentioned a variable speed 
drive to the work table and the ease with 





EXHIBITION AT OLYMPIA. 


and acme thread screws. The size shown 
is suitable for motor car builders, general 
engineers, machine tool makers, & \ 
36 in. **B” type universal gear hobbin 

machine cuts spur, worm and spiral gears 


up to 1 in. pitch from the solid by m f 
a hob. Only one hob is wanted for ea 


pitch, and every wheel, no matter what 
nu ber or tee l cut Cc rat to 
correct shape. Two hack sawing tac ( 
in which the bar, being cut.is revolved 
whilst the sa reciprocate Oo that t \ 
t blade cuts 1 1 the ir, tro t 
tings fall aw easily. The blad 
\ it worl nm a ill ar ( 
ery rapid cuttl the bl 
l are ast ted 
t Also sl \ 4 
wv i I! i( { ( 
ip to 1 in. pitch fr the d t 
1 quickl A 2a cll 
ron I In 
| s \ ( XC ~ 
( red with tut ] \ 
é rnal ser ne 
eM Screw \ a 
thread cutte1 r Wl t COI 
tt In the latter « e the cnt 
ponds to the w ¢ th of thi 1 t 
I perat effecte 
the worl \ turret | e, 
ill) I illing i¢ LTl¢ d 
( tte! irpe ini i ‘ 
ull kind millin ( 
tand 
f Messrs. Charles ¢ ! 
two examples of the t 
hown, one being i typi 





exainple of modern practice, and the othe: 
in antique specimen showing a compat 
tively early stage of the rey pre 





cess. This latter machin 


e ¢ 
vests the mechanical limitations by which 
our predecessors were handicapped in 
for which due allowance is not alway 
made when judging of their achievement 


from an archeological point of view, thi 
will be of quite as much interest as the 
modern tool. which is a well designed high 
speed lathe by Ernault. meriting careful 
ittention. The re olving spindle , equippe d 
with a die to which the ends of rods, could 
be applied in succession is the primitive 
idea modified and developed till we have 
the screwing machine, of which an excel 
lent example is on view, fitted with a self 
opening die head of substantial and 
ingenious construction. Those interested 
in rapid, uniform, and economical screwing 
wculd do well to inspect this machine with 
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care. A more important modification of 
the lathe brings us to the turret machine. in 
which a bar passing through the hollow live 
spindle is operated on by a series of tools 
till the required part is completed and cut 
off, whereupon the bar is brought forward 
the necessary distance and the cycle of 
operations is repeated. The ‘*Warner & 
Swasey” hexagon turret lathe, and the 
“*N. & W.” combination turret machine 
form good examples of semi-automatic 
repetition tools of this class. 

Still more specialised and complex de- 
velopments of the same general idea bring us 
to the fully automatic machines, in which 
cams assume the functions of the operator, 
and enable the machines to perform their 
allotted tasks without constant individual 
attention and manipulation on the part of 
the attendant. Inthe ‘* Simplex” machines 
(of which two are shown at work) four bars 
are operated on simultaneously with a very 
largely increased output as the result. A 
two-spindle machine of the same make, 


which is specially adapted for the manufac- 
ture of nuts and similar pieces, is also 
exhibited. A “ Potter & Johnston” auto- 
matic chucking and turning machine 
applies similar methods to the handling of 
castit ind forgings, and has an ingenious 
arrangement by which both ends of the 
piece can be machined at the same time. 
In this way a second chucking is in many 
cases avoided, and greater accuracy, as 
well as increased speed, secured. 

Plain and universal grinding machines, 
of latest design, can also be seen, as also 
a No. O “ Biernatzki™ gear generator,and a 
duplex gear shaper which works at a high 


speed and rapidly cuts the teeth to the 
required form [The machine works to the 
cone lines of the gear and so produces a 
tooth which is exact in shape and propor- 
tions from end to end. The two sides of 
the gear are planed simultaneously, which, 
however, are both controlled by a single 
former This ensures both sides of the 


tooth bei: 





precisely alike, reduces the 
cost of formers, as compared with machines 
employing two separate ones, and allows 
any desired form of tooth to be produced. 
Among the other matters of interest on this 


stand may be mentioned the following: A 
semi-automatic screw slotting machine; an 
admirable little machine for quickly form- 


ing the heads on rivets by a noiseless spin- 
ning action ; a useful wet emery tool grinder, 
with a gravity water supply ot particularly 
good type and a highly efficient trueing 
device ; Norton “Alundum” grinding 


wheels, and a selection of small tools and 
cutters of both carbonand high speed steels. 


Drummond Bros., Ltd., Guildford, show 
a complete line of small lathes specially 
designed for motor repairing ; a small hand 
lever bench shaping machine and a heavy 
6 in. centre, g ft. gap bed lathe, the latter 
being an extremely powerful tool designed 
for use with high speed steels in general 
manufacturing work. 

The Consolidated Pneumatic Tool Co., 
Ltd., Westminster, on one of the most con- 
spicuous stands in the exhibition, show 
“Boyer and Keller” hammers for both 
stone and metal. There are also “ Boyer,”’ 
** Keller,”’ “ Little Giant ” and “ Whitelaw 
drills for drilling in metal, tube expanding 
and cutting, reaming, tapping, &c. Another 
feature is a pneumatic grinder and polisher. 

An air compressor and receiver is shown, 
together with all hose pipes, connections, 
accessories necessary for showing the 
several classes of machines under full 
working conditions. The plant is driven 
by an electric motor. <A full complete 
assortment of electric drills with magnetic 
drill posts are also shown in _ opera- 
tion. 

Henry Pels & Co., 9, Portsmouth Street 
Lincoln’s Inn Fields, have an interesting 
collection of their well-known machines, 
which are built up of steel throughout. 
They include a * John’s ” joist shear double- 
ended notching machine, bar angle and tee 
and channel cropper, bevel cropper and 
splitting shears 

Messrs. Pfeil & Co., Clerkenwell, show 
two full automatic bevel gear planing 
machines, which generate the shape of the 
teeth by means of a roll cone and are 
operated without formers. Two semi- 
automatic machines are worthy of atten- 
tion, as is also a self-developing spur gea1 
cutter for generating gears by means of a 
hob. Other machines include a special 
lathe for tap making with automatic knock 
out; universal grinding machine ; relieving 
lathe; vertical and planer type milling 
machines; ‘Auerbach’’ capstan and 
opticians’ lathes, and high speed reduction 
lathes. In addition to the above are a 
variety of milling machines, sensitive drills, 
screw head slotters, cutter and twist drill 
and dise grinders. 

Mr. H. M. Budgett, of Chelmsford, shows 
shop accessories in the shape of surface 
plates, cast-iron straight edges, tribar for 
truing up the gibs of machine tools, parallel 
strips and * Vee” blocks. 

Messrs. Craig & Donald, Johnstone, 
show a new type of four - roller plate- 
flattening machine to work steel plates up 
to 5 ft. wide by 2 in. thick, suitable for 
bridge works, shipyards, &c.. &c. It is 














claimed that this machine is easier manipu- 
lated, and does the work quicker than any 
other type of multiple rolls, besides being 
less costly, and occupying less floor space. 
The exhibit shows the machine working with 
electric motor drive; also an interesting 
working scale model of a four-roller type 
combined plate bending and plate straighten- 
ing rolls. This machine is arranged with 
a swing cheek to enable plates that have 
been bent into complete circles being 
removed from off the top roller. Other 
models include a cam and lever type punch- 
ing, shearing, and side-notching machine, 
as used in shipyards, and an eccentric type 
punching, shearing, and angle-iron cutting 
machine. 

Messrs. Pollock & Macnab, Ltd., have a 
fine collection of lathes, drilling machines 
and a single geared crank shaper. Among 
the former class may be mentioned a com- 
bination turret lathe for chucking work up 
to 23 in. swing, and for bar work up to 
4in. diameter. Messrs. H. W. Ward & Co., 
Birmingham, have a noteworthy collection 
of lathes, the latest type being represented 
by a heavily built, well-designed 12 in. 
centre all-gear combination turret machine 
for all classes of chucking and bar work. 

Several plain milling and _ grinding 
machines are also displayed. 

Kendall & Gent, Ltd., Manchester, 


display some fine tools. consisting of a 2-in. 
spindle plano profile milling machine, with 
elevating cross slide and countershaft: 





a No. 3 size vertical milling and profiling 
machine; a No. 1 * Dixon’s”’ patent radial 
drilling and tapping machine, with drilling 
spindle 2} in. dia. and separate tapping 
spindle for tapping holes up to 1} i1 
after drilling without stopping or altering 
the speed of the machine. There is also 
an automatic screwing machine, “ Brown 
& Dixon’s” patent, and an improved cutter 
vrinding machine, with two spindles, fitted 
also with twist drill grinding attachment. 
Another Manchester firm of __ tool 
makers Messrs. Cunliffe & Croom, 
Ltd., exhibit a patent planing ma- 
chine with self-contained motor drive, 
a vertical planer-tvype milling ma- 
chine; two swing vertical turning and 
boring mills and several plain milling and 
drilling machines. On a_ neighbouring 
stand Messrs. Greenwood & Batley, Leeds, 
show an 8-in. automatic bevel wheel 


1. dia., 


shaping machine; a universal and copy 
grinder ; an 8}-in. centre boring and ream. 
ering lathe and a straight milling machine. 

Joshua Heap & Co., Ltd., Ashton-under- 
Lyne, have a fine display of screwing and 
tapping machines for tubes, bolts and nuts, 
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and Messrs. Selig, Sonnenthal & Co., Queen 
Victoria Street. show amongst others, hori- 
zontal and vertical milling machines ; new 
patent high-speed lathe; new type boring 
and surfacing lathe; patent oil-grooving 
machine, for endless. spiral grooves; 
automatic hobbing machine; sensitive 
radial drilling machines; new universal 
grinding machine and new water tool 
grinders. 

Sanderson Bros. & Newbould, Ltd., 
Sheffield, show a high-speed lathe by 
Messrs. John Stirk & Sons, a_ drilling 
machine by Tangyes, Ltd., and a cold 
sawing machine by Clifton & Waddell, t 
demonstrate the adaptability of ‘* Saben” 
high speed steels for the various operations 
performed by the machines. In addition to 
the ro in. lathe mentioned above, Messrs. 
Stirk & Sons exhibit tools on their own 
stand, consisting of a 30’ in. boring and 
turning mill; an 8 in. gap lathe and an Sin. 
special pattern high speed lathe, of which 
a full description will appear later. 

Messrs. Ludwig Loewe & Co., Ltd., of 
Farringdon Road, have a representative 
collection of machine tools, many of which 
are in operation. The latter include a 
* Loewe” I 





universal milling machine fitted 
with the “ Loewe” patent automatic inde 

ing apparatus. This new and invaluabl 
attachment automatically operates — the 
dividing head, and while effecting a great 
saving in labour, obviates all risk of wrong 
divisions being made. The large ** Loews 

vertical milling machine, which is especi- 
ally adapted for milling pieces of irregular 
outline. such as gear boxes, is shown 
machining the latter. The advantages of 
the circular milling machine over the lathe 
for a certain class of work is practically 
demonstrated. The “ Defries’” keyway 
cutting machine is unique, inasmuch as it 
automatically mills keyways to the desired 
depth and length in one cut. Another 
machine shown in operation is the ** Tindel 
Albrecht” crankshaft lathe. Special mer 

tion may be made of the ro in. by 50 in. 
“Norton” cylindrical grinder, which is 
used to give practical demonstration of the 
modern tendency to rough turn in the 
lathes and then grind to size. The various 
* Fontaine’? saw sharpeners and cutter 
grinders, which are entirely automatic in 
action and most efficient machines, are 
shown fulfilling their various purposes. 
Among other machine tools may be men- 
tioned :—Spur gear cutting machine, turret 
lathe with chain-driven feed, pin and stud 
machine, drilling machine, * Colburn” 
vertical boring mill, several types of 
**Rumpf” screw-cutting lathes, &c. In 














iddition to the foregoing, there is a fine 
selection of ** Loewe small tools, standard 
ind limit gauges, also a large variety of 
micrometers, calipers, spirit levels, speed 
indicators nd the English-made “Grip” 
lrill chuck Further, a representa- 
tive range of the well-known * D. W. M.” 
ball bearings, including a new type which 

vided with a one-piece bronze cage 


r the balls in order to meet the wishes of 





customers preferring a solid ball retainer. 


The ‘* Conrad Plummer blocks and 
1 el re peciall d igned to. take 
| e used for the line 
if h t ind 
I fir hibiting are Messrs. 
Collet & Englehart, who show a travelling 
ectri lrillin ind tapping machine 
Meyer & Schmidt, Offenbach, a_ varied 


I Isp! xa ) ta new it itic 

rew ( for cuttin threads 

\ ut I pindle in cutter 

run ted nthe ume 
S ( / P 1A 

lisplay in t lirection is certainly 

ppointir Nevertheless some well 


, + 


represented, ill 


“ tf ust be mentioned Messrs. W. H. 














Alle & | ed 1, who show a three- 
ink, three-cylinder compou rtical 
nclosed ‘ eed engine, developing 
b.h.p. at 450 revolutions per minute, 

vith 1 » Il team pressure. rhe 
engine 1 d ilves of the piston 
type, and is so designed that it is impos- 


sible for oil to pass up into the cylinders 
from the crank chamber, or for water to 
find its way from the cylinders into the 
engine. [wo other high-speed engines 
of the same character are shown, one of 
220 b.h.p. and the other of 130 b.h.p. 
Other items on this stand are a three-throw 

\llen-Edwards” air pump, two belt-driven 
centrifugal pumps and a low-lift turbine 
. Reavell & Co., Ltd., Ipswich, 
show a high-speed, enclosed type double- 
icting engine, developing 14 b.h.p. at 


600 revolutions per minute at t1yo Ibs. 
steam pressure This engine is suit- 
le for dynamos or fan driving. Air 


sssors, however, form the. chief 
of this stand. They comprise 





1 single ended, two-stage, water jacketed, 
quadruplex compressor, having a capacity 
of 260 cubic ft. free air per minute, when 
running at a speed of 275 revolutions per 
minute; one three-stage, single ended, 
high-pressure, jacketed, quadruplex air 
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compressor, having a free air capacity of 
70 cubic ft. per minute, when running at a 
speed of 325 revolutions per minute; one 
single ended, two-stage, water jacketed, 
quadruplex air compressor, having a free 
air capacity of 230 cubic ft. per minute, 
speed 315 revolutions per minute. The 
special feature about this machine is that 
the motor and compressor are directly 
coupled to each other, making a very com- 
pact plant, and so arranged that there are 
only two bearings to carry the whole of the 
rotating parts. It is the type of machine 
this firm offer for the supply of compressed 


ur for pneumatic tools or for mining work. 
\n interesting item is a special duplex, 


unjacketed air compressor, as_ used _ for 





central station cleaning. The plant is 
mounted on rubber-tvred wheels, and it is 
suitable for any working pressure up to 
o lbs. per sq. in. 

E. S. Hindley & Sons, Bourton, Dorset, 
exhibit a vertical high-speed gas engine 


direct-coupled to continuous current 
lvnamo, 15 k.w., 200 volts at 600 revs., 


( 
combined with a suction gas produce1 
plant; a vertical semi-enclosed high-speed 


gine, cylinder 7 in. diameter by 
7 in. stroke, 
current dynamo, 173 k.w., 200 volts, 450 
revs.; a vertical enclosed high-speed steam 


steam en 


engine, and developing 45 b.h.p. at 550 
revs.: and a horizontal medium- 
speed open type steam engine, These 
multi-cylinder gas engines have been 
recently introduced by the firm, and 
represent all the modern improvements in 
gas engine practice modified as far as is 
necessary in view of the high speed 
attained. 

The National Gas Engine Co., Ashton- 
under-Lyne, show an * ME” type engine, 
together with a direct-coupled dynamo, 
and one of the firm’s latest type suction 
producer gas plants. This installation is 
capable of serving 60 to 70 16 c.p. lamps, 
and it is very suitable for a country resi- 
dence. Also mounted is a sma!l petrol 
engine suitable for farmers’ work or for 
such work where gas is not available. 

Richard Hornsby & Sons, Ltd.,Grantham, 
show a 17 b.h.p. gas engine and suction 
plant, the engine being direct-coupled to a 
Lancashire dynamo by flexible coupling. 
Crossley’s exhibit consists of a high-speed 
gas engine working on gas from a suction 
plant, and driving a dynamo for lighting 
the stand. The engine develops 49 effective 
h.p. on town gas and 3g effective h.p. on 
suction gas. 

A striking exhibit is that of the Pulso- 
meter Engineering Co., Reading, who 
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exhibit the largest and smallest size pulso- 
meter steam pumps. The former measures 
126 in. and throws 150.000 gallons per hour; 
the latter is only 17 in. high and has a 
capacity of 750 gallons per hour. 

McPhail & Simpson, Ltd., Wakefield, 
show a complete downtake superheater, 
tube plates, headers, superheater tube 
and stop valves specially constructed for 
superheated steam. 

W. H. Bailey & Co., Ltd., Salford, have 
a representative show of their specialties 





consisting ot alr-compressors, steam 
pumping engines tor boiler feeding d 
general purposes, and boiler mounting 
ind engine fittings of almost every t 
Special interest attaches to the key 
renewable ilve eat, the [hurst 
recording oil tester, and to patent 


hydraulic installation recorder specially 
made for the new hydraulic power station 
at Falcon’s Wharf. 

Messrs. Thwaites Bros.. Ltd., Bradford 
ive i miscellaneous. but none the { 
interesting, exhibit. 
noted several improv 
blower . in electri 





pressor; the variabl 
electrical | | 7 
tioned; Bradford patent feed pumps 
a Clayton fire extinguishing 


ly-driven pump — before 
and disintectil 
inachine, 

Boiler mountings, steam and water vali 
figure in profusion on the stand of J. 
Hopkinson & Co., Ltd., Huddersfield, 


notable among which are the * Hopkir 
son-Ferranti” patent steam stop val 


silent automatic exhaust valve, automati 
feed water regulator, and a new flue tube 
tor the Lancashire boilers. 

Another of the few steam engines is to be 
found on the stand of Samuelson & C 
Ltd., Banbury, who also display a selection 
of * Roots’” blowers and pumps, and a 
portable smith’s forge. 

E. Green & Son, Ltd., Wakefield, display 
models of their well-known fuel econo- 
misers with the scraper gear in operation, 
a high-speed engine tor driving economised 
vearing, mechanical stokers or conveyors; 
sample castings of economiser tubes and 
photographs of economiser installations. 

Messrs. Dobbie, McInnes, Ltd., show a 
number of indicators, amongst which may 
be mentioned one specially suitable for 
winding engines and another a double 
diagram instrument recording from both 
ends of the cylinder and giving time and 
revolution diagrams. Messrs. Sanders, 
Rehders & Co., exhibit a representative 
collection of the now generally known 
‘Sarco”’ fuel economy specialties. 


Messrs. Clarke, Chapman & Co., Ltd., 
have a fine representative display of their 
leading specialties. There are motor- 
driven shipyard and baggage winches, a 
steam winch of the cyclops type, an 
electrically-driven 3-throw pump, electric 
generating plants, electric drills, a 24 in. 
projector, the steam drum of a “ Clarke- 
Chapman” water-tube boiler (Woodeson 
patent), pair of direct-acting slow speed 
teed pumps fitted with Woodeson’s patent 
steam-thrown valve gear, steam windlass 
ind a steam warping capstan. 

The Crosby Steam Gage & Valve ( 
have a representative display of indicator 
satety valves, pressure gauges, and other 
steam accessorles. 

One of the novelties of the show is a 
method of belt-lacing introduced by J. B. 
Stone & Co., who are selling this in conjur 
tion with the well-known * Clipper” and 
* Peerless” appliances. il 
trate this in our next issue, it will 








to state here that it is a flexible laci: 
that will go into any kind of beltir 
nothing being needed but a Nanimer 
to effect the splice. | lly SO per cent, of 
the belts at the Exhibition have beet 1 
by this method. The firm are also « 

ing a chain saw mortising machine, * I 


pattern trimmers, dovetailing machine, 

a number of other machinery and 

suitable for pattern makers an i 
Woodworking specialties figure also on 





the stands of Messrs. Sagar & Co.. Halifax; 
Kirchner & Co., Beanland; Perkin & Co., 
and M. Glover & Co., the latter stagi1 
their patent machinery for sawing, splitting 
screening and bundling firewood. 
Packings, friction-reducing metals and 
appliances are well to the foreat the stands 
of Willans & Robinson, Ltd., who show 
phospher bronze and white metal bearings ; 
he United States Metallic Packing Co., 
Bradford; Jas. Walker & Co. ; the Glacier 
Anti-Friction Metal Co., Ltd.; the Atlas 
Metals and Alloys Co.; the Hoyt Metal 
Co.; the Dixon Crucible Co.; the Dexine 
Patent Packing and Rubber Co.. whose 
special composition takes the place of 
ordinary india-rubber and leather goods 
as used for pump buckets, hat and cup 
rings, &c. The Forced Lubrication Co., 
Ltd., Manchester, show bearings and bush- 
ings fitted with their patent system of lubri- 
cation. Roller bearings are represented 
by the Hyatt Roller Bearings Co., 47, Vic- 
toria Street, S.W., and the Empire Rolling 
Bearings Co., at the stand of the former 
being a curiosity in the shape of a huge 
model of the ‘‘ Hyatt” flexible roller, sus- 
pended overhead and evolved by means of 
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a small electric motor. Castings of various 
kinds figure on the stands of Aerators, Ltd., 
who show alloy die finished castings ; Thos. 
Butlin & Co., Ltd., Wellingborough, cupola 
castings, particularly pipes; and at that of 
Norman & Young, Ltd., who display die 
finished castings in aluminium and various 
hard alloys. The Britannia Foundry Co., 
Coventry, in addition to their patent 
moulding machine, exhibit samples of 
castings in iron, aluminium, and gun metal 
as produced by the machine. 

Grinding specialties are represented by 
the Carborundum Co. and Markt & Co., 
with an assortment of grinding wheels and 
sharpening stones. 

Electrical engineering is not prominently 
in evidence. The Phenix Dynamo Co., 
Ltd., Bradford, limit their exhibits to 
electric drills and grinders, although a 
number of the firm’s motors are employed 
yut the exhibition; the Foster Arc 

ngineering Co., Ltd., to arc 
the ordinary and flame type, 
Johnson-Lundell Electric Trac- 
Ltd., Southall. show a range of 
their patent laminate 1 type of constant 
and adjustable speed electric motors and 
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Flaine arc lamps by the Reason Manu- 


facturing Co., Brighton, figure conspic- 
uously on the stand of THE ENGINEERING 


REvIEw, the lighting of which forms one of 


the features of the show. The electric 
aspect of the exhibition will be dealt with 
by Mr. Andrew Stewart, A.M.I.E.E., in a 
special contribution to the next (Olympia) 
number. 

Messrs. Bullivant & Co., Ltd., have a 
conspicuous and varied exhibit of steel 
wire ropes and all appliances in connection 
therewith, another prominent stand being 
that of the Lowca Engineering Co., Ltd.. 
who show a series of machines representing 
anew system of conveying and screening 
coal and other materials. The *“* Fastnut ”’ 
washer is, of course, in evidence; a great 
deal of attention is attracted by * Castolin ”’ 


—a new brazing material for cast iron, of 


which we shall have more to say in the next 
issue. Messrs. Summerscales & Co., 
Ke ighley, have the field to themselves in 
laundry machinery with two ironers and 
one washer. also to be noticed in detail 
later. 

In concluding this preliminary account. 
mention may be made of the interesting 
features to be found at the stands of the 
Non-explosive Ga. Co., Ltd., and the Bates 

] - : 


and Peard annealing furnace 








Machine for Weighing the Forces on 
a Cutting Tool. 


I bject of the machine is to measure 
he three omponent forces (at 
right angles to each other), which 


result in the formation and separa- 
tion of a chip of metal in a lathe. 
[he forces are designated as follows: 
The ertical force is called ‘ \ 
The , fai torce (at right 
angles to the lathe axis 2 
The ’ fal torce paralle ] 
to lathe axis). ; - 
These force re balanced by weights P, 
QO, and R, applied at a greater distance 
trom e fulcrun 
Fig. 1 is a sketch of the essential features. 
The tool, secured in a h Ider, is carried by 
i diaphragm of steel; for very small dis- 
Br \ 


placements only the device forms a universal 


frictionless pivot. Exact location of the 
long arin is effected by means cf hardened 
steel contacts, one of each pair being in- 
sulated fromthe general body. A telephone 
receiver in circuit with each pair of contacts 
enables the operator to make an observa- 
tion. The force Y is balanced in the same 
mannerthrougha bell-crank lever, not shown. 
An experiment is made as follows: 
rhe lathe is run at a given speed, dey 
of cut, and traverse arranged for, and the 
tool fed uptothe work. As soon as possible 
the forces are balanced and brought to a 


working mean—that is, contact is made at 


regular intervals at all the stops. Each 
force is then separately balanced for its 
ml um and l values. Friction 


} 


on the stops is thus avoided. 





ote * 



























3efore the force itself can be measured 
by a single experiment, it is necessary to 


know the centre of pressure—that is, the 


point at which all the small forces in actior 
may be assumed to act. This may be 
situated anywhere within the body of the 
shaving; and while for very small depths 
of cut its position may practically coincide 
with the centre of depth, with deep cuts 
and a short length of tool the divergence 
may be noticeable. 

In any case it is an advantage to have 
this information. It may be found togethe1 
with the real value of the forces in the 
following way: 

Referring again to Fig. 1, 

Let x be the distance from the fulcrum 
to the centre of pressure. 

Let fp be the distance from the fulcrum 
to weight P. 

Then, by taking moments about the ful 
crum, we get 


+4 
Kv=uPp . « (1 
If we now ch ine the le ngth ot tool ind 
balance under the same conditions as to 
cut, speed, Xc., we vet 


XY (x + 8x P+8P)p. 2 
Subtracting (1) from (2) 
* e 5 Pt 
a) 5P por X - 
0 





Vote.—This is th 
X, and by inserting in equation (1) we 

the distance required. 

Direct method : 


In working out the final values of the 
forces. calibration curves are used. The 
curves show the relation between the ¢ 
perimental forces, and the actual moment 
on the opposite side of the system. 

In no experiment I have made are the 
forces constant in value, and the exact 
nature of the fluctuation is not accurately 


known. Dr. Nicholson, of Manchester, 
has shown this fluctuation by measurins 
the forces at small intervals with a very 

slowcutting speed. The 


author has also published 
some photographs illustrat 
ing the formation of a chip 
The capabilities of — the 


‘Y . - ar } 
machine, however, are such 
Ne : 


that when the maximum and 
A 


may im are well defined, 
they can be measured with 
accuracy. 

The tools used were of 
simple shape, with diamond 
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The Editor cordially invites early particulars of New Machinery, 
Improvements, Novelties, &c., for inclusion under this section. 
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A New Departure in Rock 
Drilling—The “* Anderson” 
Detachable Bit for Power 
Drills. 


The haulage of drill steel from the under- 
ground workings of a mine to the black- 
smith’s shop on surface, for re-sharpening 
necessitates a serious delay in the produc- 
tive work of the shaft, the upkeep of a drill 
sharpening shop and the employment of 
skilled and other labour. 

By the use of the “ Anderson” detachable 
bit, which when blunted is replaced by a 
new one, the above is obviated, as one miner 
can carry fifty bits without inconvenience. 
rhe average weight of the bits is 6} ozs., 
ind each bit has a hole through the centre, 
which allows it to be strung and carried 
over the shoulder. The permanent shanks 
Fig. 3) to which the bits are fixed reinain 
with the drilling machine (Fig. 2). Fig. 3 
shows the method of securing the detach- 
able bit to the shank. 

A tie-rod with a triangular head passes 
through the centre of the bit and shank, 








and is secured by a nut at the rear end. 
Any lateral movement of the bit on the 
shank is prevented by the cylindrical pro- 
jection in the base of the bit. The blow 
is carried on the flat surface around both 
ends of the shank. 

A right or left-hand thread is employed 
according to the direction of rotation given 











Diameter of Bar 





Diameter of 


Bit. 
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f in in. in in. 

Starting Drill 2 o 23 1} 11 
2nd 3 06 24 12 11 
3rd 5 Oo 1f 14 12 
Finishing 6 6 15 14 ri 





by the drilling machine, sothat the detachable 
bit always tends to tighten itself, though not 
to such an extent that it becomes difficult 
toremovethenut. To facilitate the tighten- 
ing or loosening of the nut, there is a tommy 
hole near the rear end of the shank. This 
hole is also useful in turning the 
drill when coupled to the machine. 

The method of attachment 
does not materially increase the 
size of the drill shank near the 
cutting bit, and allows ample 
clearance for the cuttings to 
escape. Should the detachable 
bit become irrecoverably jammed 
in the bore hole the shank can 
be removed. 

The present solid drills are 
made from rolled or hammered 
steel bars. The usual proportions 
for a 6 ft. hole in hard rock are 
shown in above table. 
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With the * Anderson ”’ detachable bit the 


proportions are :— 








f Per 


ter 
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Detachable Bit, 
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i |25% 

wee H 

| 
| 3t. in in in. 

Starting Drill to} 2 | 1% 
2nd | 3 6 275 | ; 
3rd — = 5 0 rf | 14 Ij 
Finishing ,, | 6 6 344 | 1,5 1} 





Fig. 4 shows the solid drill as compared 
with the ** Anderson” detachable bit. The 
permanent shanks of the latter are 1% in. 
diameter where attached to the chuck and 
taper down towards the detachable bit to 
allow for sufficient clearance ; they are also 
spring tempered, thus the greatest possible 
strength of shank is secured, whereas t 
present drills are only 1} in. diameter where 
attached to the chuck, and are left soft. 

In starting a hole at a wide angle to the 
face of the rock, it is mostly a question of 
rigidity of the coupling between the drill 
shank and the piston rod, but the hole is 
bound to start slightly out of line however 
rigid the coupling may be owing to the 
spring of the parts. If, however, aftet 
drilling a few inches the nut that clamps 
the drilling machine in position be loosene 


the piston rod and drill shank should have 
enough rigidity to pull the drilling machine 
into line with the axis of the hole while 
drilling. Again, when the drilling machine 
is near the end of its travel forward, it 
projects so far out of the guides that support 
it and keep it in line, that the position of 
the coupling between the shank and piston 
rod is under the same stress as the centre 
of a beam supported at both ends. From 
this it is evident that the greater the rigidity 
of this coupling the less the hole will tend 
to deflect upwards. 

Owing to daily resharpening the solid 
drills become shortened, and as drills are 
worked in sets much time is lost in finding 
the necessary lengths and diameters to drill 
a hole. A serious loss of drill steel is in- 
curred by having to discard all drills after a 
reduction in length of a few inches, as the 
finishing drillis of too small a diameter to be 
made into astarting drill (see table of sizes). 

The permanent shanks for the ‘* Ander- 
son”’ bit are of standard lengths, and are 
so designed that any diameter of bit can 
be secured to any length of shank, the 
cylindrical projection in the base of all 
detachable bits being the same size (Fig. 5). 
As the drill advances in the bore hole, 
frictional wear takes place on the end faces 
ot the chisel edges. These end faces form 
the guiding surfaces of the drill. The forged 
guiding faces on the solid drills (Fig. 4) are 
flat, although they have to act in a round 
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hole and the different guiding faces are 
not always forged the same distance from 
the centre. Again, as a rule, they are far 
too large and do not wear evenly, eventually 
causing the drill to jam in the hole anda 
sledge hammer is customarily used to loosen 
it. The “Anderson” bit can stand the 
same rough handling, but the bit has three 


guiding faces of small size and parallel 
with the axis of the hole (Fig. 6). They 
also form segments of the same circl 
(Fig. 5) and wear so evenly that the drill, it 
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is claimed, is always 
free in the hole. 

A reduction has to 
be made in the dia- 
meter of each suc- 
ceeding bit to allow 
for the frictional wear, 
and with the solid 
drills an extra allow- 
ance must be made to 
cover the inaccurate 
forging. The “ Ander- 
son”’ bits are accurate 
and work with mini- 
mum frictional wear, 
and, we are informed, 
it is owing tothis that 
the holecan be started 
$ in. less and finish 
i; in. larger than with 
the present solid drills. 

The stylesof cutting 
bits in present use are 
determined by some 
easily forged pattern 
such as a single chisel 
edge, cruciform or X 
shape. The method 
of manufacture of the 

FIG 4. ‘** Anderson”’ bit dces 
not limit the design. 

The rate of drilling is not affected by the 
number of cutting wings on the bit, a chisel 
edge excavating in one blow approximately 
the same as a five-winged bit. With the 
latter, however the shock to the shank is 
greatly increased and the five cutting wings 
become very nearly as blunt in doing the 
same work. It is probably not generally 
known that a single chisel edge, when not 
working satisfactorily, makes a three-sided 
hole; asymmetrical three-edged bit a square 
hole; a cruciform | 








bit a five-sided hole; and 
a svmmetrical five-edged bit a six-sided 
hole. 

The bit under notice hasthree cutting edges 
(which give stable equilibrium and transmit 
a direct blow down the shank) arranged 
to form angles of 90 degs, 120 degs. and 
150degs. This unequal spacing counteracts 
any tendency to groove the hole, and in- 
variably forms a round one. The three 
edges do not run radially to the centre, but 
are made to vary so as not to strike in the 
same lines as each other. The irregular 
spacing also aids in starting a hole at an 
angle to the face of the rock (Fig. 6), because 
the blow does not continually fall in the 
same spot, the range of blow covering 
150 degs., one blow aiding the other over this 
extended area by striking in a separate 
place and thus breaking ground. 

The extremities of the cutting edges are 
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made } in. in advance of the ceutre, as it 
this position they dig out the circumference 
with less damage to themselves. When the 
extremities are slightly behind the centre, 
as is the case in the forged drill (Fig. 4), 
the digging effect is lost and the tendency 
is to rub out the circumference of the hole. 
rhe cuttings can escape more freely out of 
the bore hole when the circumference is in 
advance as the cuttings collect around the 
edge of the hole instead of in the centre. 
\ speciality has been made of the harden- 
ing and tempering process, so as to produce 
it uniform result; the cutting edges bei: 

very hard, whilst the body of the bit is left 





soft, especially that part which bears »gainst 
the hardened end of the shank. In thi 
way the shank end is preserved. The bit 


can be adapted to any style of U”’ bolt 
chuck at present on the market, by removing 
the bushing. 

In Mount Sorrell and Aberdeen granite 
the average time taken over ten holes. 5 ft. 
de ep, starting at angles of 30 degs. to the tace 
of the rock, 2} in. diameter finishing 1-}} in. 
diameter, 7o lb. air pressure, including 
changing of drills, twenty minutes. These 
holes were started at full speed. Phe 
makers of this bit are Messrs. Thos. Firth 
& Sons, Sheffield. 
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The New “ Franklin” Air 
Compressor. 


With the increasing use of pneumatic 


tools and appliances the most efficient 
means of producing compressed air becomes 
a matter of importance. Those employing 
this medium as a motive power will ther 
fore be interested in the accompanying 
description and illustration of an improved 
type of compresso1 that is now being manu 
factured by the Consolidated Pneumatic 
Tool Company of | Fraserburgh. The 
** Franklin’? machine, as it is called, is the 
outcome of a lengthy series of investiga- 
tions, and follows original lines on points 
vital to maximum efficiency. 

Various types are made, that shown here- 
with being ot aclass especially suited to the 
requirements of industrial works, mine 
quarries, kc. It is of duplex pattern, with 
siinple or cross-compound steam cylinde1 
and simple or two-stage air compressing 
cylinders, according to working conditions. 
A variety of combinations is obtainable for 
varying pressure conditions, and machines 
are also built for motor or water-wheel 
drive, either direct or by belt, gear or chain. 
These compressors are built in sizes rang 
ing in capacity from 30 to 2,000 cub. ft. 
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yf ee air p nute displacement for 
10 to 125 lbs. per sq. in. working air pressure 
ind suited to all compressed air uses. 
lhe following are some of the more salient 
tructive features. The frames are heavy 
hox-shape castings, strongly ribbed, with 


a large factor of safety to withstand strains 


vhen working at maximum load. The 
ttom surface bearing upon the foundation 
throughout its entire length insures stifiness, 
not only at the main bearing, but also along 
e guide and at the connection with the 
linder, and at the same time affords an 
even distribution of the stresses on the 
foundation and also of the internal stress« 
which the bed itself must sustain. The 
cré ead guides are bored, and provision 
is made for catching and draining drip from 
bearit and stuffing boxe Being entirely 
elf-contained, expensive foundations are 
avoided and expert erection services un 
nece ry. The cylinders are made froma 


mixture of special iron and selected scrap, 


and are of sufficient strength and thickness 
to withstand the pressure for which they 


are designed, after reboring. The stean 
cylinders have their exterior walls covered 
with asbestos or mineral wool, and are 
neatly lagged with planished iron. The air 
cvlinders and cylinder heads are com- 
pletely water jacketed, providing a thorough 
circulation of water with equal cooling at 
all points. The pistons are ot the solid type. 
with cast irom spring rings. The shaft is of 
centre crank type of ample diameter, made 
of the best open hearth steel, with excep 
tionally heavy crank arms. The box cross 
head is provided with taper shoes, turned 
to fit the cylinder guide. 
a screw adjustment aflording a ready means 
of taking up the slight wear and of securing 
proper alignment. Oil guards at each end 
of the iower slide on the bed give con- 
tinuous lubrication tothe lower shoe, while a 
sight-feed oil cup on top of the bed provides 


I he S€ shoe > h ive 


the necessary oil for the upper shoe, 

The single type has two balance wheels, 
one on each side . to insure smooth opera 
tion. Duplex and cross-compound com 


pressors have heavy fly-wheels made in 




















































NEW 
section securely bolted together at 
hub and at the rim. 

compre ssors are 


two 
the 
Steam-driven provided 
with a pressure regulating governor t 
automatically control the operation of t 
( onmipre ssor Ihlh act ordance with the de mand 
for air, working in connection with a speed 
Spe € d of the 
single-steam and belt 
an unloading 


vovernor, which regulates the 

compressor. Phe 

driven compressors also have 
t 


device to relieve 


he compressor of all load 


when the desired air pressure is obtains 

ind vutomatically cause it ft resume 
delivery when the receiver pre re be 
comes reduced. Smaller steam-driven 


compressors have plain D_ slide lve 
Steam evlinders of 12 in. diameter or larger 
are provided with * Mever cut-on valve 
the main valve being balance 
\ graduated scale indicates the point of 
cut-off, which mav be ted from }toi oft 
the stroke 
The air inlet valy 
made from high grade steel. having remov 
and guides, easily removed or 
uughly guarded fron 


the cylinder in case of breakage 


idju 
while the compressot runni 
es of the poppet type are 
ible seat 
repaired, 
entering 
rhey are pl.ced radially in cylinder, rende1 
ssible and insuring accurate 


ind thor 


ing them 

seating. 
Poo mu 

to the teature 


sustain the se 


acct 


cl np rtance cannot be attacl 
of accessibility, for the valve 
service of air compre 
sion and the heat incident thereto. 

The valve stem and head are forged in 
piece, entirely avoiding the use of flan 
nuts, jam nuts, split pins, or other conti 


} { ¢ 


serve as a head for tl 


verest 


one 


vances intended to 
stem, requiring constant supervision wit] 
rk loose. Phe Valve 


separate from the 


continual liability to w 
seat is entirely 
cvlindet and mav_ be 
replaced or renewe 
requires. In most forms of air compressors 
employing poppet valves the valve seat 
forms an integral part of the cylinder 
cylinder head, atfording no opportunity for 
renewal except by replacing the entire 
cylinder or head, whereas inthe ** Franklin’ 
construction the valve and seat form acom 
plete piece of mechanism which 
examined, reground and adjusted separate 
from thecompressor. The valves and seats 
are placed in position after the 
attached to the cylinder, and ar 
securely by large screw plugs. As the 
need not be removed, it is but a moment's 
work to take out the valve The valve 
springs are of steel, light enough to minimise 
In opening, vet strong enougn to 
valve in closing. | 


i part 


prope! removed, 





1 whenevel occasion 


may be 


heads are 
he ld 


head 


resistance 
promptly seat the 


proportion of valve area is exceptionally 
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liberal, enabling the cylinder to fill freely at 
each stroke without volumetric | ; 
impaired efficiency due to the wire 
effect of insufficient valve area. 

lo meet the objections sometime 
against a numerous complement of 
compressors of larger size are also 
built with mechanically moved intake 
of semi-rotary ** (¢ * type placed in 
the cylinder heads and driven by gear from 
eccentrics on the haft. hese 
positively 
with short ports an 
ince. They open and without in 
ind are theretore free from the hamme ring 
and wear incident to poppet valve These 

ilves are driven by 
which on the duple team-driven machine 
have the idvantave ot illowing adjustment 
of the air-valve gear without disturbing the 
etting of the steam valve 

All air discharge valves are of the poppet 
type. cup-shaped, pressed fromm hig I 
teel and fitted with light tension springs. 
These valve have removable seats and 
vuides and are readily accessible for adju 
ment or re palr. 

The intercooler provided with 


) Or 


drawit 

oftered 
poppet 
valves, 
valve S 


orli 


Wall 


moved valvesco 





irea 


close 





eparate 


compressors forms part of the base, beit 
located directly under the air cylinder 
minimising piping and floor space and ren 
dering the compressor with its intercooler 


Phe nter 


charcoal 


completely self-contained. 
cooler tubes are of 
( \pande d into tube 
provided in water heads and baffle plate 
inserted between tubes, insuring complete 
circulation of both water and air. The cir 
culation thus obtained, together with the 


venerous amount of cooling surface provided, 


brass o1 
steel sheets. Ribs ar 


affords exceptional inter-cooling efficiency. 
By removing bolts in the outside head the 
entire nest of tubes may be easily withdrawn 
for repairs or cleaning. Drains are provided 
for both air and water spaces. 

Full information may be obtained from 
the manufacturers, the Consolidated Pneu- 
inatic Tool Company, at its offices, Palace 
Chambers, 9, Bridge Street, Westminster, 
S.W. 


> 


RocK-Over Drop Moulding 
Machine. 

The first moulding machine 
to be designed stripping plate 
type, admittedly a rapid machine, but its 
use is limited in a measure to the moulding 
of patterns from which there are a numbet 
of castings required. many 


‘+ Pridmore ’ 
was ol the 


There are 
foundries in which stripping plate machine 
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cannot be used to advantage on account of 
there not being a sufficient duplication of 
castings to warrant the fitting up of the 
necessary patterns and stripping plates. 
It is for use in such shops as these 
that the machine under notice has been 
de signed. 

As its name implies, the two main opera- 
tions of this machine consist of rocking the 
pattern over and dropping the mould away 
fromthe pattern. It can readily be seen that 
the nature of the rocking over movement is 

uch that facility is practically the only 
essential feature, but the dropping of the 
mould away from the pattern is the opera 
tion which must be accomplished with the 
rreatest degree of accuracy; the movement 
of the adjustable table must be absolutely 
true : 

By referring to the detailed view of the 
machine, it will be seen that the adjustable 
table consists of two movable draw arms E, 
which travel vertically on two parallel 
teel uprights, and two self-adjusting flask 
rests C, which are automatically adjust 
able to crooked bottom board and to the 
variation in thickne of bottom boards 
and depth of flasks These flask rests are 
connected with the draw arms by means of 
screws 1), which regulate the height of the 
table according to the de pth of flasks to be 
used. Limit screws ] are used for limiting 
the upward movement of the adjustable 
table. The weight of the flask and mould 
is perfectly counter-balanced and centrally 
upporting arms L acting in 

flask balance springs B, 
which are capable of rapid adjustment to 
the weight to be supported. The clamping 
rod I, which can be adjusted to flasks of 
different widths and depths, is so designed 
and fitted that the clamping of the bottom 
board and flask to the rock-over frame is 
performed at one operation, and in such a 
manner that it isimpossible for either board 
or flask to shift while the mould is being 
rocked over. The instantaneous fastening 
and releasing of this adjustable clamping 
rod is accomplished by the use of a clamp. 
ing rod hook G. Frame spring balances 

! are used to facilitate the operation of 
rocking over, and the limit of motion is 


supporte d by 


coniunction wit 


determined by the coming in contact of 
frame stops 77. The tension of both sets 
of springs can be readily regulated by 


hrmly grasping them with both hands and 
twisting them forward or backward as may 


be required, spring adjusting bolts J being 
employed to take up or release the tension. 
Phe droppin f the mould away from the 


pattern is accomplished by the use of a foot 


lever AK, and the flask balance springs 
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! Frame balance.spring F. Adjustable clampi 

BR. Flask balance spring rod. 

C. Self-adjusting flask rest G. Clamping rod hook 

D. Serew for regulating H. Frame stog 


height of table to flasks J. Spring ad isting 

f ditferent dept J]. Limit screw 
FE. Draw arn K. Foot lever 

L. Supporting arms. 

should be so adjusted that their tension will 
be sufficient to carry the table upward 
to its highest position after the pattern ha 
been rocked back, thus obviating the 
necessity of the operator’s stooping down 
for the flask to set it off on to the floor. 

The operation of fitting patterns to this 
machine is an exceedingly simple one, 
and it can be performed very rapidly. 
Either wooden or metal patterns may be 
used. They should be firmly fastened to 
the pattern plate, which can be made of 
either wood or iron. Its upper surface 
should conform to the parting outline of the 
pattern, which, in the majority of cases, 
will be straight. This pattern plate, which 
should be made with ears and fitted to 
accommodate the flasks to be used, is 
attached to the rock-over frame by means 
of bolts, which pass through four holes that 
are drilled in the frame. 

This manner of attaching the pattern 
plate to the rock-over frame possesses 
advantages over spring latches or ether in- 
accurate methods, as the frame is accurately 
milled on its upper surface, and if the 
pattern plate is at all uneven, as will fre- 
quently be the case, it will be sprung per- 
fectly straight, the bolt holes being located 
me at each of the four corners of the rock 
over frame. The cope part of the pattern, 
if it is perfectly flat or has sufficient draft 
to permit of * lifting off.” can be made on a 
stand or dummy. But if the mould cannot 
be lifted off without breaking, a regular 
stripping plate machine should be used. 

These machines, which are made in nine 
e being placed on the market by 
Ltd., of 


izes, a 
Messrs. J. W. Jackman & Co., 
Caxton House, Westminster. 
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Fuly, 1907 

Hunting in Rotary Converters. By N.G. Meade. 
Electrical World, New York, 3rd August, 1907 

Development and Operation of a Large Electric 
Transmission and Conversion System By E. I 
Smith. Fournal Western Society Engineers, F une 
1907. 

Cos Cob Power Station, New York, New Haven 
and Hartford Railroad Company. Street Railway 
Fournal, 31st August, 1907. 


Electric Traction. 

Great Western Railway Electric Power and 
Lighting and the Electrification of the Hammer 
smith and City Railway (concluded) “lectrical 
Engineer, 23rd and 30th August, 1907 

Electric Traction on Railways—IIlI By P 
Dawson. Electrician, 16th August, 1907. 

Review of the Master Car Builders’ Brake Shoe 
Tests. By F. W. Sargent. Street Railway Fournal 
3rd August, 1907 

The Rolling Stock of the Single-Phase Vienna 
Baden Inter Urban Line. Electrician, 30th August, 
1907 

The E!ectric Signals on the Paris Metropolitan 


hs 


Railway. Electrician, 30th August, 1907 

The Overhead Construction of the New Haven 
Railroad Street Railway Fournal, 17th August 
1907 

New Section of Paris Metropolitan Railway 
Western Electrician, 3rd August, 1907. 

















Wheel Practice at Kansas City Street Railway 
Fournal, 10th August, 1907 

A Radical Design of Semi-Steel Car. Stree/ 
Railway Fournal, 10th August, 1907. 

Municipal Unit Surface Cars in 
Street Railway Fournal, 1oth August, 

Single-Phase Traction on the New 
Haven, and Hartford Railway 
Engineering, 22nd August, 1907 

Catenary Line Construction on the New York 
New Haven, and Hartford Railroad Electrical 
World, Ne York, 17th August, 1907 

Electric Locomotives of the New York, New 
Haven, and Hartford Railway Street Railway 


fournal, 24th August, 1907 


Improved Inter-urban Train Testing Apparatus 
By Sydney W. Ashe 24th Augi f 





he Choice of Frequency i 
\lternating-Current Railway Motors. By A. H 
Armstrong Proceedings lmerican Institute 
Electrical Engineers, Fuly, 19 

Some Facts and Problems bearing on Electric 
Trunk-Line Operation. By F. J. Sprague. Py 
ceedings American Institute Electrical Engineers 





Fuly, 1907 

Third Rail Design Tramway and Railway 
World, 5th September, 1907 

Manchester Corporation Tramways. Trawway 


and Railway World, 5th September, 19 


Miscellaneous Electrical Engineer- 


ing. 
An Electrical Agricultura! Installation in Saxony 
By D. S. Paxton Electrical Engineering, 29th 


ugusl, 1907 

\ Method of Determining the Leading Dimer 
ions of Large and High-speed Continuous-current 
Dynamos By H. M. Hobart and A. G Ellis 
Electrical Review, 6th September, 1907 

Electric Cranes By H H. Broughton 
Electrician, 6th September, 1907. 

Improvements in Electric Welding. Electrica 
Times, 5th September, 1907. 

The Size, Weights, and Costs of Alte:nators as 
iffected by Rated Speed and Periodicity By W 
Chappell and T. Germann. Electrical Engineering 


} 


22nd August, 1907 
Electric Driving of Ring Spinning Machine 
Electrical Review, 23rd August, 1907 
Power Chart for Three-Phase Circuits. - ngineer 
Chicago, 2nd September, 1907 


Marine Engineering and Naval 
Architecture. 

Stranding Buoy. Marine Engineer, 1st September 
1907 

The Screw Propeller—XIV. By A. E. Seaton 
Varine Engineer and Naval tychitect, 1st 
Seple mber, 1907 

The Evolution of the Submarine Boat, Mine, 


and Torpedo. Times Engineering Supplement, 25t 
f 


a 


Augt 
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The New Indian Liner, City of London. By 
3enjamin Taylor. Jnternational Marine En. ineer 
ing, September, 1907. 

Combined Indicator Cards By C. S. Linch 
International Marine Engineering, September 
1907. 

Latest Types of French Submarines and Sub 
mersibles. FEngineer, 30th August, 1907 

Lake's Patent Method of Raising Sunken Vessels. 
Steamship, September, 1907 

Mr. A. E. Long's Reply to the Discussion on hi 
Paper on ‘“ Irim Curves.’ Tvransactions N.} 
Coast Institu:ion Engineers and Shipbuilders 


fugust, 1907. 


Some Experiments on the Magnetic Character 
of Vessels. By Capt. Bartling, with Discussion 
ind Reply Transactions N.E. Coast Institution 
Engineers and Shipbuilders, August, 19 

Sectional Work in Ship Construction. Resumed 
Discussion and Mr. Twaddell's Reply. Transactions 
N.E. Coast Institution Engineers and Shipbuilders 
August, 1907. 


Water Supply 
Streets and Pavements. 


Sew2ze. 
Sewage Experiments at Maturga, Bombay By 
G. J. Fowler Engineering News, 8th Augu 


1gO7 


Engineering Economics and Works 
Management. 


Miscellaneous. 

The Estimation of Phosphorus in Steel and Iron 
By J. J. Morgan. Practical Engineer, 16th August, 
1907. 

Illumination. By Leon Gaster. Times Engineering 
Supplement, 21st August, 1907 

The Dynamics of Long Recoil. By A. G 
Greenhill. Engineer, 23rd August, 1907 

The Co-operation of Municipal and Private 
Enterprise—I. yy TU Minshall Times 
Engineering Supplement, 28th August, 1907 

Improved Methods of Dust Prevention in the 
Grinding Trades By S. R. Bennett. Yournal 
Society Arts, 30th August, 1907 

Daylight Illumination—IX. By O. H. Basquin 
Illuminating Engineer, September, 19 

The Papers and Discussions of 1got Vol 
XXXVII. of Transactions of the American Institute 
Mining Engineers 

Temperature of Incandescent Particles in 
Luminous Flames. Yournal Gas Lighting, & 
10th September, 1907 


3aume Hydrometer Charts. Testing of Oil 


and Brines by Specific Gravity. Engineer, Chicago, 


ond September, 1907. 


Modern Explosives (continued). Le Genie Civil 
7th September, igo 
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PRIZE COMPETITIONS 
FOR ENGINEERS. 


——_—_>—_ 


IN connection with the Second 
Prize Competition, we regret to have 
to announce that owing to the ele- 
mentary and unsatisfactory character 
of the articles submitted, we have not 
felt justified in making any award. 

Competitors without exception 
took the first subject, viz.: Live 
Steam Feed Heating, and confined 
their efforts to a mere description 
ol existing types of live steam feed 
heaters. Not one considered the 
efthciency ol the method, or examined 
the question as to whether it was 
thermodynamically good or bad. A 
knowledge of the physical causes 
which produce an economy when this 
method of feed heating is adopted 
is of great importance and interest, 
and in the hope that competitors 
will be stimulated to go more care- 
fully into the subject we again offer 
the prize of £10, under the conditions 
stated opposite, for the best article. 
Papers must be sent in on or before 


December Ist. 


THIRD PRIZE COMPETITION. 


The Third Prize 
relates to Workshop Practice, and 


Competition 


is limited to Works Managers, Fore- 


men, and those under their charge, 


to provide an opportunity of bringing 
their practical ideas and experiences 
into print. 

Three prizes are offered—one of 


one of £2, and one of £1—for 


£5 
the best short article describing and 


illustrating any emergency device or 
any job which has taxed the inge- 
nuity of the machinist, pattern maker, 


fitter or foundry operator. 


INSTRUCTIONS AND CONDITIONS. 

Articles must be written on one 
side of the paper only, and be signed 
by the competitor. 

Drawings and sketches must be on 
separate sheets of paper. 

A short biographical sketch of the 
competitor’s technical experience 
should accompany the article. 

The right is reserved of publishing 
the prize article, and also any of the 
others sent in; but in the case of 
the latter, payment will be made for 
the same at our usual scale rates. 

The Editor's decision in all matters 
connected with the competitions 
shall be final, and binding on all 
the competitors. 

All articles should be addressed 
to the Editor of THE ENGINEERING 
Review, 104, High Holborn, Lon- 
don, W.C., and marked on the out- 
side, ‘‘ Competition,” and the same 
must be received not later than 


November Ist. 





